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Abstract 
This work concerns the synthesis of a number of new metal derivatives of 
diphenylcarborane 1,2-Ph2-1,2-c1oso-C 2B 10H10 , in which intramolecular crowding was 
expected to produce either unusual cage geometry or unexpected metal co-ordination. 
The (i5-05Me5)Ir  and several (i6-arene)Ru  complexes of diphenylcarborane, and a 
less congested methyiphenylcarborane derivative, were prepared and structurally 
characterised. These compounds are found to exhibit deviations from the usual closo 
geometry and in the former cases have been termed pseudocloso. Detailed analysis 
suggests that this distortion is accompanied by a significant loss of electron density at 
the boron cluster vertices. The relevance of these compounds to the 'isocloso / 
hypercioso' debate is considered. During attempts to synthesise a truly hypercioso 
carbaruthenaborane two new compounds were prepared. In one of these the 
carborane dianion was found to have undergone protonation, with the metal fragment, 
{(PPh3)2RuC1}, attached in an exo-nido fashion via three Ru-H-B bridges. This 
complex apparently exists as two species in solution and attempts are made to 
rationalise this behaviour in the light of detailed n.m.r. studies. The identical reaction 
in a non-protonic solvent gave a dicationic Ru dimer with two nido-carborane cages 
acting only as counterions. The failure to synthesise the intended hypercioso species is 
discussed. Three (116-arene)Ru-carborane  complexes of increasing steric congestion 
were exposed to elevated temperatures. All were unchanged at 65°C with the most 
crowded (pseudocloso) cluster rearranging [3,1 ,2-RuC 2B9 -* 3,1,11 -RuC2B9] at 
110°C. This isomerisation is examined with respect to the metal fragment geometry. 
Attempts were made to incorporate a single {CuPR 3 } fragment into the Ph2C2B9 
polyhedron. Although this was unsuccessful, products containing two {CuPR 3 } units 
are achieved in high yield. In these complexes one metal atom is found to be bonded 
in an exo-nido fashion, while the other ligates the open five-membered face. In 
iv 
contrast with analogous complexes of less sterically demanding cages the metals are 
non-bonding and are found to be dramatically slipped from their preferred positions. 
The original research presented in this Thesis is prefaced by an outline of relevant 
background material; and is supported by full details of synthetic and crystallographic 
procedures, and spectroscopic, analytical and crystallographic data. 
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Abbreviations for Specific Compounds 
[7,8-Ph2- 1O-endo-H-7 , 8-nido-C2B9H9]- 	 1 
3 -(1 5-05Me5)- 1 ,2-Ph2-3, 1 ,2-pseudoc/oso-IrC2B9H9 	 2 
3-(16-C6Me6)- 1 ,2-Ph2-3, I ,2-pseudocloso-RuC2B9H9 	 3 
3 -16-p-cym)- 1 ,2-Ph2-3, 1 ,2-pseudocloso-RuC2B9H9 	 4 
3 -(1 6-C6H6)- 1 ,2-Ph2-3, 1 ,2-pseudocloso-RuC2B9H9 	 S 
3 -(r-p-cym)- 1 -Ph-2-Me-3, 1 ,2-closo-RuC2B9H9 	 6 
[5,6,1 O-exo- { ( tRU,B-H)3Ru(C1)(PPh3)2} -7,8-Ph2- 1 O-end6-H-7, 8-nido-C 2B 9H6] 	
7 
[(MeCN)2(PPh3)2Ru(t-C1)2-Ru(PPh3)2(NCMe)2]2 	 8 
3 -(r 6-p-cym)-3, 1 ,2-c/oso-RuC2B9H11 	 9 
3-(16-p-cym)-1-Ph-3, 1,2-c/6so-RuC2B9H10 	 10 
3 -( 6-p-cym)- 1,11 -Ph 2-3,1,11 -c/oso-RuC2B9H9 	 11 
[exo-8,9, 12- { (p cU,B-H)3Cu(PPh3) } -3 -(PPh 3)- 1 ,2-Ph2-3, 1 ,2-closo-CuC 2B9H6] 	12 
[exo-8,9, 12- ( (cU,B-H)3Cu(PCy3) } -3 -(PCy 3)- 1 ,2-Ph2-3, 1 ,2-closo-CuC2B9Hs] 	13 
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'The great interest shown by chemists in materials which have 
symmetrical polyhedral structures far exceeds that anticipated on 
utilitarian grounds and seems to reflect a deeper scienty'lc desire to 
understand and create objects of natural beauty.' 
D.M.P. Mingos 
1 ) oron hydride chemistry has its origins in the early 20th century with the 
' pioneering work of Alfred Stock.' 1 In five papers published between the years 
1912 and 1914 he described a group of compounds of unprecedented stoichiometry, 
and the techniques he had developed to prepare and isolate them. These boron 
hydrides, or boranes, comprised B 2116, B 4H10, B5H9, B 5H11 , B6H10, and B 10H14 (see 
Figure 1.1 overleaf). Stock recognised, even within this small sample, that their 
general formul2e could be grouped into distinct classes: in these examples BH14 and 
BH+6 . 
From the outset the boranes posed serious structural problems. The simplest boron 
hydride, diborane (B 2H), for example, has an identical stoichiometry to ethane 
(C2H6); but where carbon has 4 valence electrons a boron atom has only 3. Clearly, 
there are insufficient electrons to form conventional 2-centre, 2-electron bonds 
between all the atoms. This anomaly has resulted in the boron hydrides being termed 
'electron-deficient'. However, as Rundle so eloquently suggested, there are no 










Following years of debate 131 the bridged, dimeric structure of B211 (Figure 1.2) was 
finally established in the 1940's via infra-red spectroscopy. 
f4l This was subsequently 





Figure 1.1 Stock's original 6 boranes 
The terminal B-H linkages in diborane are conventional 2-centre, 2-electron bonds. 
The B-H-B bridges, however, are comprised of 3-centre, 2-electron connectivities; an 
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Figure 1.2 The Structure of Diborane 
Generalising from his initial concept to multicentre bonding, Longuet-Higgins was 
able to predict 81 the existence of stable polyhedral dianions of hitherto unknown 
structure, namely the octahedral and icosahedral clusters 11 61162 and B 12H122 . This 
was five years before such species were serendipitously synthesised by Pittochelli and 
Hawthorne in 1960. [9] 
As research in the area expanded, and the number of new compounds grew, it became 
evident, just as Stock had originally observed, that they could be grouped into distinct 
structural classes. A systematic procedure for describing these classes, and the 
relationship between them, was developed by Lipscomb 101 in the 1960's, and 
ultimately adapted into 'Wade's Rules' some ten years later." 1 These readily applied 
rules link structure, which is based on a deltahedral fragment, to the number of 
skeletal electrons. 
In general, the boranes are volatile, reactive and air-sensitive. Indeed, the smaller 
boranes are spontaneously flammable. The expansion of borane chemistry accelerated 
in the 1960's when it was discovered that the inclusion of heteroatoms in the cluster 
framework adds greatly to their stability, and hence ease of study. The most 
3 
ubiquitous of such compounds, and the subject of this Thesis, are the carboranes, 
where one or more {BH} unit is replaced by a {CH} unit. These compounds were 
first identified in trace amounts in the 1950's during classified work in the USA on 
rocket fuels. 121 (Stock had much earlier reported pleasant smelling compounds from 
the reaction of his small boranes with acetylenes. 111  
Although boron chemistry is now an extensive field of study its development has been 
limited by the lack of a major application. As boron cluster compounds are generally 
expensive and inaccessible, it has been suggested 1131 that future uses may be limited to 
areas where there is no cheap alternative, or where the borane compound is used in 
only minute quantities. Present research is focused on medical applications such as 
Boron Neutron Capture Therapy (B.N.C.T. ),1141  homogeneous and the 
formation of new materials. 116"71 
B.N.C.T. is based on the nuclear reaction which occurs when a 10B nucleus absorbs a 
neutron: 
+ —+ ["B] —f Li + 4He + 2.7MeV 
Much of the energy released is carried by the (short range) cx particle, delivering a 
lethal radiation dose to an adjacent tumour cell. At present, the main B.N.C.T. 
reagent is ' °B-enriched Na2[B 12H11 SH], 'BSH'. Current research is focused on 
optimising the uptake of ' °B nuclei by the tumour, and new agents derived from 
known drugs and/or metabolites are being investigated. 
The thermal and chemical stability of the closed 12-vertex carboranes led to their 
incorporation into (for example) siloxane polymers, -[-SiR2-0-]-. [16]  The resulting 
polymers also have high thermal stability, and have applications in solid state 




Recently a new class of carborane oligomer has been prepared. These have potential 
in the area of Host-Guest Chemistry because of their ability to complex anions.' 8 ' 
Figure 1.3 An Example of a Carborane-Containing Host-Guest Complex 
Major developments in carborane chemistry came in the mid-1960's with the 
preparation of anionic carborane ligands and the recognition by Hawthorne that those 
anions which have an open pentagonal face are similar in their bonding properties to 
{ri-05H5} (CO-) (Figure 1 4)E19] 
5 
M  
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Figure 1.4 The it frontier molecular orbitals of (i-051[5)  and (i-C2B9H11)2 
Prior to the discovery of cluster species containing vertices other than boron the 
higher boranes were largely seen as "chemical curiosities", having peculiar 
structures and requiring their own bonding mles However, it soon 
became apparent that both carbon and metal atoms could participate in such 
cluster bonding. Moreover, it was evident that (metal) "(boron cluster) bonding 
has much in common with the (metal) ... (ligand) bonding in organometallic 
compounds such as ferrocene (see Figure 1.5) 1201  and, indeed, with the bonding 
in metal clusters. 
Fe 
[Fe(1-0 5H5)2] 	[Fe(i-05H5)(i-C2B9H1 i)r 	[Fe(7j-05H5)(-C2B9H1 1)12- 
Figure 1.5 Ferrocene and two carborane-containing analogues 
Today almost every metal, and many non-metals, have been incorporated as cluster 
vertices. Metal fragments have also been shown to bond to the cluster surface in a 
number of other ways, specifically by capping a face, or by bridging an edge via 






Figure 1.6 Structure of exo-{(Ph 3P)2RhI-C2B9H10R2 





Figure 1.7 Structure of (Ph 3P)2(CO)2(p-CO)Rh2SB9H9 
The bonding descriptions associated with Wade's Rules have therefore proved to be 
widely applicable in the prediction of cluster shapes in a range of molecular polyhedra. 
It is clear that the boron hydrides and their derivatives are not merely chemical 
curiosities but that they are central to the development of modern inorganic chemistry. 
These rules however are not universal. In recent work it has been shown that 
intramolecular crowding (i.e., steric factors) can lead to deviations from the predicted 
structure: such deviations are the central theme of this Thesis. 
Structure and Nomenclature 
The boranes and their derivatives have been shown to adopt structures based on the 
deltahedra shown below (Figure 1.8). [221 
Figure 1.8 The 4- to 12-vertex Parent Polyhedra for the Boranes 
When the polyhedron is complete, the structure is termed closo (i.e., closed); removal 
of a single vertex gives a nido (i.e., nest-like) structure; loss of further vertices give 
arachno (i.e., web-like) and hypho (i.e., network) clusters respectively. One such 
series, based on the 12-vertex icosahedron is illustrated below (Figure 1.9). 
VE 
closo 	 nido 	 arachno 	hypho 
Figure 1.9 A Closo-+Nido---Arachno--Hypho Series of Clusters 
Several types of interconnected clusters are also known: these conjuncto-boranes 
may be linked by sharing one or more boron vertices, or by a direct B—B CY bond 
between subclusters. Figure 1.10 depicts one of the two isomers ofB 18H22 . 23 
Figure 1.10 The 'anti' isomer of B 18H22 
10 
B(11 B( 10)-_B(9) 
-'I 
4) 
nido-C2B 9,H 12 
The conventional numbering scheme for carboranes and their metallacarborane 
derivatives is illustrated below (Figure 1.11) for the 1 2-vertex series closo-C2B 10H12 , 
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Figure 1.11 Numbering of closo-C 2B 10H12, nido-1C2B9H121 and 
c1oso-I{M}C2B9H11 I (H atoms and ilgands omitted) 
Vertices are numbered in a 'corkscrew' fashion around belts of atoms such that 
heteroatoms have as low a number as possible, and with C atoms taking precedence 
over M atoms. It should be noted that in nido structures the vertex opposite the open 
face has the lowest number, and that on moving from one belt of atoms to the next, a 
11 
connectivity must be crossed. Exopolyhedral substituents and ligands are numbered 
with reference to the cluster atom to which they are bound. 
12 
Bonding: Wade's Rules 
The simple localised valence bond model fails to account for the structures of the 
polyhedral boranes. This problem can be (at least) partially resolved by allowing the 
possibility of multicentre bonding. To achieve an octet of electrons, each boron atom 
must be involved in at least one such multicentre bond. Consider, for example, the 
bonding in diborane. In an isolated B11 3 unit, there is a vacant p orbital which readily 
accepts an electron pair from a Lewis base to form adducts such as Et 3N:BH3 (see 
Figure 1.12). In the absence of donor molecules, two BH 3 units dimerise to form 
132H6  by a mutual (partial) donation of an electron pair from a terminal B—H bond 
(Figure 1.12). The partial nature of this donation results in the formation of two 
3-centre, 2-electron B—H—B bridges, with each of the boron atoms now having 
access to a full octet of electrons (cf. Figure 1.2). 
 









Figure 1.12 Electron Pair Donation to BH3 
This description in terms of localised 2-centre, 2-electron and 3-centre, 2-electron 
bonds forms the basis of a topological approach to cluster bonding which was 
developed by W. N. Lipscomb." 01 This took the form of a series of equations ("styx 
13 
rules") by which the structures of known species could be rationalised and new 
compounds predicted. However, when this approach is extended to describe the 
higher boranes many equivalent bonding descriptions may be possible, and the true 
picture may even be an average of these. This complexity and ambiguity severely 
limits the use of such a model. 
The formation of deltahedral clusters maximises the B- B contacts and ensures 
effective delocalisation. Bonding in boron hydrides is, therefore, best described in 
terms of truly molecular orbitals so that each vertex is 'in contact' with all the others. 
Lines drawn between pairs of atoms, therefore, no longer represent a conventional 
bond, but merely outline the structural framework by identifying nearest-neighbour 
connectivities. (Unlike other 'spherical' molecules such as C60,t241  where delocalisation 
is only over the cluster surface, boranes demonstrate bonding throughout the cluster 
centre. For example, substitution at a cluster vertex will cause changes in the chemical 
shifts of all cage atoms, and this effect can be very pronounced at the antipodal 
position. [251) 
Following Stock's original observations, R. E. Williams and R. W. Rudolph also 
recognised patterns of structure in the polyhedral boranes and carboranes.22' 261 They 
noted the existence of three such series, namely closo-[BH]2 , nido-BH14 and 
arachno-BH+6, which represent progressively more open clusters. Moreover, 
geometric relationships were observed between the 3 series. For example, the 
closo- 12-vertex, nido- 11-vertex and arachno- 10-vertex members all have the same 
icosahedral parent architecture. 
The crucial observation was that by Wade. He recognised that the above geometrical 
relationships existed because all three members (the closo- 12-vertex, nido- 11-vertex 
and arachno-10-vertex) have the same number of cluster bonding electrons. This is 
encapsulated in Wade's Rules,' 11  which relate cluster geometry to the skeletal 
electron count. In general, these readily applied rules may be summarised for an 
n-vertex system as:- 
14 
Number of cluster 	Geometry 
inding electron pairs 
n+1 closo 
n + 2 nido 
n + 3 arachno 
n + 4 hypho 
Boron has the valence electron configuration 252 2p'; thus each {BH} vertex has a 
total of 4 electrons [3B and 1 H]. Two of these are required for the terminal B-H 
bond; leaving the remaining two available for cluster bonding. Similarly a {CH} 
vertex is a 3-cluster-electron donor. In general, for a main group atom having v 
valence electrons and bearing an exopolyhedral substituent donating x electrons, the 
number of electrons (e) available for cluster bonding is 
e=v+x-2. 
For a transition metal vertex, 9 valence orbitals are present (1 x s, 3 xp, and 5 x a). In 
the case of an octahedral metal centre, 6 of these bind ligands or are non-bonding; 
these are normally filled, leaving 12 electrons not available for cluster bonding. Hence, 
a metal fragment donates 
ev+x - 12 
electrons. 





Figure 1.13 Structure of 4-SMe2-3,3,3-(CO)3-3,1,2-MnC2B9H10 
In this there are: 
8x{BH} = 8 x (3 + 1 - 2) 	= 16 
{B+—SMe2 } = 3 +2-2 	= 3 
2x{CH} = 2 x (4 + 1 - 2) 	= 6 
{Mn(CO)3} = 7 + (3 x 2) - 12 	= 1 
26 electrons = 13 pairs 
Thus, the 12-vertex species contains 13 (i.e., n + 1) cluster bonding pairs, and so is 
predicted to be closo, as observed. 
16 
Synthesis and Reactivity of the Carboranes 
The carboranes are formally derived from their parent boranes by replacement of a 
{BH} vertex by {CH}. As previously stated, they are generally more stable than their 
borane relatives: indeed the higher carboranes such as C 2B 10H12, and their derivatives, 
show considerable air and moisture stability. 
The main synthetic route to the icosahedral carboranes is insertion of an alkyne into a 
1 0-vertex arachno borane, 281  so that the two acetylenic C atoms "close up" the 
cluster. By varying the acetylene used, derivatised carboranes may be obtained. The 
main parent carborane employed in this Thesis is 1,2-Ph 2- 1 ,2-closo-C2B 10H10, whose 
preparation is illustrated (Fig. 1.14) below; the synthesis is performed by a "one-pot" 
reaction. The role of the Lewis Base (dimethylaniline) is to convert (commercially 







Figure 1.14 Conversion of nido-B 10H14 to 1,2-Ph 2-1,2-closo-C 2B1oH10 
This route, however, is limited to available acetylenes and to those which are stable 
under the nucleophilic reaction conditions. 
Although carboranes are resistant to acid attack, they are readily degraded by bases. 
Since carbon is more electronegative than boron, the two B atoms adjacent to the 
17 
cage carbon atoms [B(3) and B(6) in 1,2-Ph 2-1,2-c/oso-C 2B 10H10] are relatively 
attractive to nucleophiles. Treatment of the cluster with alcoholic base results in a 
deboronation reaction: the (closo) cage is effectively "decapitated" to yield the 
corresponding open (nido) species (Figure 1.1 5)•E29] 










   
Figure 1.15 Degradation of 1,2-Ph 2-1,2-closo-C2B1011 10 to Anionic Nido 
Carboranes, and Formation of {Ph 2C2B9119}-Metal Complexes 
The decapitated dianionic cage is isolated as the dithallium salt, 301 T12[7,8-Ph2-7,8- 
nido-C2139H9], a useftil reagent in the formation of metal complexes (see later). Under 
milder base degradation conditions, the monoanionic nido-carborane is 
18 
obtained. 29 ' 3 ' 1  Here, the cage retains a proton bound at the open (ligating) face. In 
subsequent reactions, this H may block facial metal co-ordination and force a metal 
fragment to be bound exopolyhedrally (cf. Figure 1.6). 
It has already been noted that an analogy exists between the bonding capabilities of 
[15-C2B9H11 ] 2 and [115-05H5]-  towards transition metal fragments, and easy 
preparation of these nido-cages allows us to parallel many organometallic 
compounds. Moreover, the doubly charged nature of the carborane ligand has allowed 
stabilisation of complexes whose cyclopentadienyl-containing analogues are not 
available; e.g., [(Ph3P)CuC2B9H1 ']- is air stable, 32' whereas [(Ph3P)Cu(Cp)] is highly 
sensitive. [33] 
Metal complexes of diphenylcarborane are conveniently prepared by reaction of the 
above dithallium salt with a metal halide complex LMC1 2, so that insoluble T1C1 is 
eliminated and the crude product solution is simply isolated by filtration (see Figure 
1.15). 
A number of other routes to closo carbametallaboranes are known, particularly direct 
(often insertion) reactions 341  between carboranes and metal substrates. However, 
these lie largely outwith the scope of this Thesis. 
19 
Aryl-Substituted Carboranes 
Substitution of a cage {C-H} group with a C-bound aryl group leads to asymmetric 









Figure 1.16 Two Possible Conformations of a Cage-Bound Phenyl Ring 
The conformation of these rings is described relative to the polyhedral framework via 
the parameter 8, which is related to the torsion angle between the phenyl ring and the 
CcageCcage connectivity. 8 has been defined as the "modulus of the average of the 
two Ccage_ Ccage Cphenyl(a)Cphenyl(13) torsion angles" 
•[35 
Central to this work are the dzpheny/-substituted carborane 1,2-Ph2-1,2-closo-
C213 and its monosubstituted relative 1-Ph-i ,2-closo-C2B 10H11 . Although these 
compounds were first prepared over 30 years ago, 28 ' their solid state structures 
have only recently been definitively established. 36 '371 
20 
Diphenylcarborane crystallises with two independent molecules in the asymmetric 
fraction of the unit cell; one of these molecules is illustrated below (Fig. 1. 17).E36] 
Figure 1.17 One of the crystallographically independent molecules of 
1,2-Ph2-1 ,2-closo-C 2B1 0H10 
Extended HUckel molecular orbital calculations suggest that "electronic factors" 
contribute to a preferred phenyl ring conformation of 0 = 900. It is thought that this 
may arise from a desire to maximise conjugation between the carbon-based it orbitals 
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associated with the CcageCcage connectivity and those of the aryl ring. Such 
conjugation would be expected to be greatest when these eight carbon atoms are 
coplanar. Moreover, it is predicted that when 0 = 900 the Lge—Cph yI bonds will be 
shorter than when 8 = 00. (The conformer of l-Ph-1,2-c/oso-C2Bi0H11 with 0 = 900 
is predicted to be some 22 kJ mot' more stable.) Clearly, in practice, there is 
insufficient space for the two phenyl rings in 1,2-Ph 2-1,2-c/oso-C2B 10H10 to both 
adopt orientations with 8 = 900 ; indeed, steric interactions between the two rings 
become strongly destabilising above around 8 = 40°, and values of 0 much closer to 
zero are actually observed. (The energy difference between 8 = 0 0 and 8 = 40° is 
rather small, being only Ca. 8 kJ moF 1 .) For the two independent molecules, the 
average 8 values are 2.4° and 8.6 0 with CcageCcage distances of 1.733(4) and 
1 .720(4)A respectively. 
The single-crystal X-ray diffraction structure 37' of 1-Ph-1 ,2-closo-C 2B 10H, 1 
(where the Ph group is less restricted in its orientation) is in close agreement with 
theoretical predictions. Here again two crystallographically independent molecules 
are found; however, one of these is disordered with the five atoms C(2) 
and B(3 to 6) being statistically scrambled over the five sites adjacent to C(1). 
In the ordered molecule of phenylcarborane (Figure 1.18), 8 is 68.8°, close 
to the "preferred" value, and the CcageCcage bond is correspondingly short at 
1 .646(8)A. 
This "preference" for large 8 values has been confirmed by ab initio 
calculations. These predict that the energy minimum occurs close to 8 = 65°. 
(Intramolecular crowding, which is poorly modelled by Extended HUckel 
methods, is thought to occur between phenyl 13-H atoms and spatially adjacent B-
and C-bound cage H atoms; this limits the freedom of the phenyl ring to 
adopt an orientation closer to 8 = 90°.) 
22 
Figure 1.18 The crystallographically ordered molecule of 
1-Ph-1,2-closo-C2B101111 
It should be noted, however, that other factors may also contribute to 
elongation of the connectivity between the two Ccage atoms. In particular, the 
influence of steric bulk associated with groups bound to the cage carbon atoms 
(or, as will be seen later, ligands co-ordinated to an adjacent metal atom) can have a 
predominating effect. Additionally, it has been shown 211 by consideration of the 
structures of a homologous series of substituted phenyl carboranes 1,2-Ph 2- 1 ,2-closo-
C2B 10H1 0 (R = Me, Br, Ph, Me3 Si, tBuMe2Si) that observed C—C distances and 8 
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values are the result of a complex interplay of steric and electronic factors and other 
influences such as crystal packing forces ( 15 kJ moF 1 ). 
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Distortions from Idealised Geometry 
It is appropriate here to introduce some of the (more minor) deviations from idealised 
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Figure 1.19 Slipping and Folding Distortions in 12-Vertex 3,1,2-MC 2B9 Clusters 
The simplest distortion from regular polyhedra arises from substitution of boron 
vertices by carbon vertices; thus the icosahedral symmetry of 13 1211 122 is lowered to 
C2 , in 1,2-Ph2-1,2-c1oso-C2B 10H1 0. In carbametallaboranes distortions can be much 
more pronounced: for 12-vertex 3,1,2-MC 2B9H11 species some of these have been 
quantified as defined parameters (Figure 1.19) for comparative purposes. These are 
described relative to the lower pentagonal belt [B(5)B(6)B(1 1)B(12)B(9)] which is 
generally close to planarity and serves as reference. 
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Perhaps the most significant of these deviations is 'slippage' of the metal atom across 
the ligating face. This parameter (A) is positive for movement towards B(8), i.e., 
away from C(1)-C(2). The upper C 2B3 face of the cage often 'folds' significantly 
about B(4)" B(7) following metal co-ordination. This gives rise to the parameters 0 
and 4 which are the inclinations of the C(1)C(2)B(4)B(7) and B(4)B(8)B(7) planes, 
respectively, relative to the B 5 reference plane. 
Far more severe distortions may arise in the metal complexes of carboranes having 
Ccage-bound Ph rings, as a result of the anisotropic steric demands of these 





1 [ his Chapter deals with the synthesis and structural characterisation of {(1 6 arene)Ru} and {('ri 5-05Me5)Ir} derivatives of diphenylcarborane, 1,2-Ph 2-1,2-
c/oso-C 2B 1011 10, and of a less congested methyiphenylcarborane (1-Ph-2-Me-1,2-
c/oso-C 2B 10H10) analogue. These compounds are considered in terms of their 
relevance to the recent 'isocloso/hypercioso' debate. 
The protonated form of the {715-carborane}  ligand derived from diphenylcarborane 
was prepared and isolated as the benzyltrimethylammonium (BTMA) salt, 
BTMA[7, 8-Ph2-7, 8-nido-C2B9H10], BTMA 1. An X-ray crystallographic study of 
BTMA 1 was undertaken to establish the structure of this ligand in its uncomplexed 
form: this confirmed the anion to have the anticipated nido-icosahedral geometry 
typical of such species. 
In contrast, several metal derivatives of 1 which incorporate conical metal fragments 
show large distortions from the usual closo icosahedral structure. Specifically, the 
dicarbametallaboranes 3-(i5-05Me5)-1,2-Ph2-3,  1,2-IrC2B9H9, 2, and 3-(716-arene) - 
1,2-Ph2-3,1,2-RuC2B9H9  [(i6-arene) = C 6Me6, 3; p-cym, 4; C6H6, 5] have been 
prepared and fully characterised. For the compounds 2 (unit cell data only), and 4 and 
5 (full structure determinations), single crystal X-ray diffraction studies have 
uncovered further instances of the pseudocloso cluster geometry exemplified by 
3 -(715-05Me5)-  1 ,2-Ph2-3, 1 ,2-RhC2B9H9. In addition, detailed structural analyses, 
11B-{'H} N.M.R. spectroscopic studies and other evidence all suggest that this 
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structural change represents movement towards a hypercioso cage geometry, and is 
accompanied by a significant loss of electron density at the boron cluster vertices. 
A relatively uncrowded analogue of compound 4, namely _(71 
 ,2-RuC2B9H9, 6, was prepared and characterised similarly. A single crystal X-ray 
diffiaction experiment and detailed structural analysis, combined with '( 'H) 
N.M.R. studies, confirm 6 to have structural and electronic properties lying between 
3-('q6-arene)-3,1,2-closo-RuC 2B9H1 , and compounds 3, 4 and 5, albeit rather closer to 
the former. 
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Synthesis, Characterisation and Crystallographic Study of 
BTMAI7,8-Ph2-10-endo-H-7,8-nido-C 2B9H91, BTMA 1 
K[7,8-Ph2-7,8-nido-C2B9H10], K1, is readily formed by deboronation of 1,2-Ph 2-1,2-
c/oso-C2B 10H10 using ethanolic KOH (3 equivalents); treatment of an aqueous 
solution of K1 with an excess of an aqueous solution of [Me 3NCH2Ph]Br rapidly 
precipitates BTMA•1 as a fine white powder. The solid product is readily 
recrystallised from CH 202/hexane at -3 0°C. 
The identity of the salt was confirmed by microanalysis, and by infrared and N.M.R. 
spectroscopy. The latter ('H) verified the formulation of BTMA•1 as a 1:1 salt, whilst 
the {lH} spectrum showed a pattern of resonances in the ratio 1:1:1:2:2:2, 
consistent with the anticipated Cs molecular symmetry; a pattern observed previously 
in [7,8-nido-C2B9H121_ [39]  All "B signals show doublet coupling due to the presence 
of exo H atoms; that at -31.49 ppm. shows additional doublet coupling to an endo H 
atom ( 'JBH(o) 137-160; JBH(endo) 49.5Hz). 
A single-crystal X-ray diffraction experiment was undertaken in order to determine 
the structure of the { 7, 8-Ph 2-7, 8-nido-C2B 9H9  } ligand in its uncomplexed form; the 
anion 1 is the protonated form of this ligand and, as such, is expected to have a very 
similar structure. 
Small, but well-formed, colourless blocks of BTMA1 were obtained by slow 
diffusion of n-hexane into a CH 202 solution of the salt. Data were collected at 
185(1)K, and the structure solved by direct methods for most non-H atoms and by 
difference Fourier syntheses for the remaining atoms. Four ion pairs of BTMk 1 
crystallise in the monoclinic space group P211c with no close inter-ion contacts. The 
endo-H atom bound to B(10) could not be accurately located as a result of some 
disorder within this ion. [In the final difference Fourier map, the largest residual 
(unassigned) electron density peak effectively 'caps' the C(7,8)B(9,10,1 1) face; this 
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partial (presumably) boron atom arises from a rotational disorder {C2, about an axis 
through the midpoints of C(7)—C(8) and B(5)—B(6)} within the carborane 
fragment. Such a feature is not uncommon in nido-icosahedral heteroboranes.] This 
latter H atom was, therefore, fixed in an idealised position and was not refined. The 
BTMA cation, which shows no disorder, has the expected structure. 
A view of the anion 1, with atomic numbering scheme, is shown in Figure 2.1. 
Selected interatomic distances and interbond angles are listed in Table 2.1. 
ri 
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C( 1)C(4) 	p(45) 0000~ ....__..C(4 1) 
C( 	 C(46) 
B(1)-B(2) 1.771(4) B(9)-B(10) 1.800(4) 
B(1) - B(3) 1.775(4) B(10) -B(11) 1.843(4) 
B(1) - B(4) 1.779( 4) C(71) -C(72) 1.396(4) 
B(1) - B(5) 1.795( 4) C(71) -C(76) 1.393( 3) 
B(1) - B(6) 1.789( 4) C(72) -C(73) 1.385( 4) 
B(2) - B(3) 1.753( 4) C(73) -C(74) 1.373( 4) 
B(2) - B(6) 1.765( 4) C(74) -C(75) 1.381( 4) 
B(2) - C(7) 1.704( 4) C(75) -C(76) 1.381(4) 
B(2)-B(11) 1.787(4) C(81)-C(82) 1.391(3) 
B(3) - B(4) 1.772(4) C(81) -C(86) 1.398( 3) 
B(3) - C(7) 1.722( 4) C(82) -C(83) 1.390(4) 
B(3) - C(8) 1.728( 4) C(83) -C(84) 1.378( 4) 
B(4) - B(S) 1.758( 4) C(84) -C(85) 1.383( 4) 
B(4) - C(8) 1.719( 3) C(85) -C(86) 1.383( 4) 
B(4) - B(9) 1.792( 4) N 	- C(1) 1.497( 4) 
B(5) - B(6) 1.827( 4) N - C(2) 1.498( 3) 
B(5) - B(9) 1.758( 4) N - C(3) 1.497( 3) 
B(S) -B(10) 1.768( 4) N - C(4) 1.529( 3) 
B(6) -B(10) 1.784( 4) C(4) -C(41) 1.497( 4) 
B(6) -B(1 1) 1.770( 4) C(41) -C(42) 1.386( 4) 
C(7) - C(8) 1.602( 3) C(41) -C(46) 1.373( 4) 
C(7) -B(11) 1.636(3) C(42) -C(43) 1.378(5) 
C(7) -C(71) 1.506( 3) C(43) -C(44) 1.366( 5) 
C(8) - B(9) 1.630( 3) C(44) -C(45) 1.358( 6) 
C(8) -C(81) 1.497( 3) C(45) -C(46) 1.365( 5) 
B(2) - B(1) - B(3) 59.25(16) C(7) - C(8) -C(81) 117.40(18) 
B(2) - B(1) - B(6) 59.46(15) B(9) - C(8) -C(81) 119.05(18) 
B(3)-B(1)-B(4) 59.80(16) B(4)-B(9)-B(5) 59.35(15) 
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B(4) -B(1) -B(5) 58.92(15) B(4) - B(9) - C(8) 60.10(14) 
B(5)-B(1)-B(6) 61.28(15) B(5)-B(9)-B(10) 59.60(15) 
B(1) - B(2) - B(3) 60.49(16) B(5) -B(10) - B(6) 61.88(15) 
B(1) - B(2) - B(6) 60.79(16) B(5) -B(10) -B(9) 59.03(15) 
B(3) - B(2) - C(7) 59.75(15) B(6) -B(10) -B(11) 58.39(15) 
B(6) -B(2) -B(11) 59.76(15) B(2) -B(11) - B(6) 59.51(15) 
C(7) - B(2) -B(11) 55.83(14) B(2) -B(11) - C(7) 59.52(14) 
B(1) - B(3) - B(2) 60.26(16) B(6) -B(11) -B(10) 59.15(15) 
B(1) - B(3) - B(4) 60.21(16) C(7) -C(71) -C(72) 123.71(21) 
B(2) - B(3) - C(7) 58.72(15) C(7) -C(71) -C(76) 119.18(20) 
B(4) - B(3) - C(8) 58.82(15) C(72) -C(71) -C(76) 117.02(22) 
C(7) - B(3) - C(8) 55.32(14) -C(72) -C(73) 121.00(25) 
B(1) - B(4) - B(3) 59.99(16) -C(73) -C(74) 121.0( 3) 
B(1) - B(4) - B(5) 61.00(15) -C(74) -C(75) 118.9(3) 
B(3) - B(4) - C(8) 59.33(15) C(74) -C(75) -C(76) 120.4( 3) 
B(5) - B(4) - B(9) 59.37(15) C(71) -C(76) -C(75) 121.69(23) 
C(8) - B(4) - B(9) 55.26(14) C(8) -C(81) -C(82) 122.65(20) 
B(1) - B(S) - B(4) 60.08(15) C(8) -C(81) -C(86) 119.11(20) 
B(1) - B(S) - B(6) 59.20(15) C(82) -C(81) -C(86) 118.22(21) 
B(4) - B(S) - B(9) 61.28(15) C(81) -C(82) -C(83) 120.59(22) 
B(6) - B(S) -B(10) 59.49(15) C(82) -C(83) -C(84) 120.60(24) 
B(9) - B(S) -B(10) 61.37(15) C(83) -C(84) -C(85) 119.4(3) 
B(1) - B(6) - B(2) 59.75(15) C(84) -C(85) -C(86) 120.39(25) 
B(1) - B(6) - B(S) 59.52(15) C(81) -C(86) -C(85) 120.83(22) 
B(2)-B(6)-B(11) 60.73(15) C(1)- N 	-C(2) 108.75(20) 
B(S) - B(6) -B(10) 58.63(15) C(1) - N 	- C(3) 108.60(20) 
B(10)-B(6)-B(11) 62.47(15) C(1)- N 	-C(4) 108.02(19) 
B(2) - C(7) - B(3) 61.53(16) C(2) - N - C(3) 109.90(19) 
B(2)-C(7)-B(11) 64.65(15) C(2)- N -C(4) 110.80(19) 
B(2) - C(7) -C(71) 122.25(18) C(3) - N 	- C(4) 110.70(19) 
B(3) - C(7) - C(8) 62.52(15) N 	-C(4)-C(41) 113.89(21) 
B(3) - C(7) -C(71) 116.54(19) C(4) -C(41) -C(42) 121.96(24) 
C(8) - C(7) -C(71) 116.47(18) C(4) -C(41) -C(46) 119.86(24) 
B(11) - C(7) -C(71) 120.62(19) C(42) -C(41) -C(46) 118.2(3) 
B(3) - C(8) - B(4) 61.85(15) C(41) -C(42) -C(43) 120.8( 3) 
B(3) - C(8) - C(7) 62.16(15) C(42) -C(43) -C(44) 119.0(3) 
B(3) - C(8) -C(81) 117.13(19) C(43) -C(44) -C(45) 121.0(4) 
B(4) - C(8) - B(9) 64.64(15) C(44) -C(45) -C(46) 119.8(4) 
B(4) - C(8) -C(81) 120.61(18) C(41) -C(46) -C(45) 121.2( 3) 
The structure of 1 has been confirmed by this study to be [7,8-Ph 2-10-endo-H-7,8- 
nido-C2B9H9] - . The anion 1 has the expected nido icosahedral geometry with almost 
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C8 symmetry about a plane through B(1), B(3) and B(10); the lower pentagonal ring 
B(2, 3, 4, 5, 6) is almost planar (a = 0.016A), but the upper C(7, 8)B(9, 10, 11) belt 
has a slight 'envelope' conformation (a = 0.050A), being folded about B(9) ... B(1 1). 
Twisting of the cage-bound phenyl rings accounts for the main deviation from mirror 
symmetry in 1. This twist, as has been noted previously, is conveniently described by 
the parameter 0: in 1, both phenyl rings are rotated from the ideal (0 65°) position, 
and adopt much lower B values of 17.9° [ring C(71-76)] and 20.0 0 [ring C(81-86)]. 
The CcageCcage distance, 1 .602(3)A, in 1 is compared below (Table 2.2) with that in 
the parent carborane and in the monophenyl- and unsubstituted analogues. It can be 
seen that, in all three pairs, a shortening of the CcageCcage distance occurs on 
deboronation; this may be traced to the fact that 'co-ordination' of a {BH} 2 unit by 
the [7,8-nido-C 213911 11 ] 2 ligand results in depopulation of filled ligand it molecular 
orbitals which are bonding between the two Ccage atoms. 
Table 2.2 Comparison of the CcageCcage Distances (A) /0 values (°) in Selected 
closo and nido Carboranes 
(* electron diffraction stmcture; ** Et 3NH salt; *** 8.(1)2; 
molecule 'A'; molecule 'B') 
1-R-2-R' - 	 -R-8-R'-7 
R = R' = 
R = Ph; R' = H 37 
R = R' = Pht[36] 





R = R' = H 39 
R = Ph; R' = Ht41 
R=R' =Ph 
R=R' =Ph**[3 ' 






It may be the case that intramolecular crowding causes elongation of C(7)—C(8) in 
the case of 1, but it is interesting to note that, even here, the two cage-bound phenyl 
rings can approach each other more closely than is observed in the parent carborane. 
Moreover, consideration of the CcageCcage separations reveals that there is no clear 
gradual increase in these distances with progressive phenyl substitution. Indeed, it 
may be inferred that the observed CcagcCcage bond length is not governed solely by 
either the electronic influence of phenyl orientation or by intramolecular interactions, 
but by a combination of these and other factors. 
The carbametallaboranes 2-5 described later in this chapter are complexes of the 
ligand obtained by deprotonating 1. Detailed analysis of the structures and 
spectroscopic properties of these compounds is relevant to the isocloso/hypercioso 
debate, which is introduced below. 
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The Isocloso-Hypercioso Controversy 
Over the last 20 years a number of closed (carba)metallaboranes have been 
synthesised whose structures differ from those normally observed for closo clusters 
having the same number of vertices. For example, the compounds 
[H(PMe3)2Ir(B 3H7Cl)] 421 and [H(PPh3)(Ph2PC6H4-o-)Ir(B 9H8)] 1431(Figure 2.2) were 
isolated following thermal cage closure of nido-metallaborane precursors. Since both 
products retain flilly triangulated faces, it was suggested that these structures were 
simply isomers of the more commonly observed closo polyhedra - that is, that these 
are isocloso clusters. 441 
Figure 2.2 Formation, Structure and Electron Count for Closed Metallaboranes 
of Unusual Structural Geometry 
[nido-(PMe3)2(C0)Ir(B 8H10C1)] 
	
[nido-H(PPh3)(Ph2PC6H4)li(B 9H 12)] 









7 x {B—H} 
	
7 x 2 = 14 electrons 8x {B—H} 
	
8 x 2 = 16 electrons 
1 x {B—Cl} 2 electrons 1 x {B—C} 2 electrons 




= 2 electrons 	 = 2 electrons 
Total: 	 18 electrons 	Total: 
	
20 electrons 
(i.e., 9 pairs) (i.e., 10 pairs) 
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Conventional electron counting in these species reveal that they have one fewer 
skeletal electron pairs than that normally required for a closo geometry. Such n-vertex 
species having n, rather than (n+ 1), skeletal electron pairs are termed hvpercloso. [45] 
[Indeed the above reactions can simplistically be viewed as a loss of two electron pairs 
from the cluster, consistent with a nido -* hypercioso (n + 2 -* n electron pairs) 
transformation.] 
It has been suggested 1441  that in such species the metal fragment may contribute an 
'abnormal' number of orbitals (i.e., 4 rather than 3) for cluster bonding, thereby 
rendering conventional electron counting rules inapplicable. This view gains no 
support from molecular orbital calculations, 461 which favour the hypercioso 
description. Indeed calculations based on the two possible geometries [Figure 2.3 (a) 
'hypercioso', (b) 'closo] show that structure (a) is the preferred geometry for n 
electron pairs and (b) for (n+1) pairs. In practice structure (a) is the one observed in 
[H(PPh3)(Ph2PC6H4-o-)Ir(B 9H8)]. 
















Further evidence that these unusual structures contain only n electron pairs is 
provided by the work of Stone et al 47 [Figure 2.4(a)], and Hawthorne et al, 48 ' in 
which hypercloso—*closo transformations have been effected by reaction with 
electron donors. Significantly, the 10-vertex species synthesised by the latter group 
have been shown to interconvert in solution [Figure 2.4(b)] in an equilibrium 
involving the donor ligand. 





blue 	 orange 
(hypercioso) 	 (closo) 
The main geometric change associated with this hypercloso—*closo interconversion is 
a single diamond—square--diamond (DSD) operation (Figure 2.5). 
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The geometry represented by the intermediate ('square') on this pathway is that 
observed in 3-(115-05Me5)-1,2-Ph2-3,  1,2-RhC2B9H9. 
[49]  Here there is no bond between 
either the two C ge atoms or between the metal atom and B(6) (Figure 2.6). The cage 
opening in this compound is sterically-induced and has been termed pseudocloso. 




The observation that this geometry was obtained by means of steric factors led us to 
believe that a continuum of structures along the closo—>hypercloso pathway could be 
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obtained by judicious variation of cage and exopolyhedral substituents; thus providing 
a probe of the underlying electronic changes associated with this process. 
The intention was to prepare a series of complexes, analogous to that in Figure 2.6, of 
the type 3-(116-arene)-1,2-Ph2-3,  1,2-RuC2B9H9. The switch to the isolobal Ru 
fragment allows more facile variation in the bulk of the metal-bound group than 
would be possible with the cyclopentadienyl ligands. The arenes C 6H, 1- Pr-4-Me-
C6H4 (p-cym) and C 6Me6 were utilised as exo-polyhedral ligands of increasing steric 
bulk. In addition, the {(p-cym)Ru} complex of the less sterically demanding {7-Ph-8-
Me-7,8-nido-C2B9H9 } ligand was also prepared, further increasing the range of 
available structures. 
ELI 
Synthesis and Characterisation of 3-( 5-05Me5)- 1,2-Ph2-3, 1,2-
pseudocloso-IrC 2B9H9 and 3-016-arene)-  1,2-Ph2-3, 1,2-pseudocloso-
RuC2B9H9 
Compounds 2-5 were synthesised by treatment of a CH 2C12 suspension of T1 2[7,8-Ph2-
7,8-nido-C 2B9H9] with the chloro-bridged dimers [( 5-05Me5)IrC12]2, 
[(116-C6Me6)RuC1212, [( 6-p-cym)RuC1 2]2 and [(16-C6H6)RuC12]2 respectively. The 
compounds were isolated by preparative t.l.c. and subsequent recrystallisation. 
(Diffraction quality crystals of 2, 4 and 5 were obtained; the results of single crystal 
X-ray diffraction experiments upon these are reported below.) All four species were 
fully characterised by conventional spectroscopic and other methods. 
In contrast to the corresponding metalla- complexes t30 ' 35 ' 50' 511 of [7,8-nido-
C2B9H11 ] 2 and [7-Ph-7,8-nido-C2B9Hi0] 2 , the diphenylcarborane derivatives 
show unusual and characteristic 11B{ 1H} N.M.R. spectra. All show resonances in 
the expected ratio of 1:1:1:2:2:2, showing the presence of C molecular symmetry 
on the N.M.R. timescale. However, these resonances extend over a chemical 
shift range of approximately 50 p.p.m., compared with 20 p.p.m. in the 
less-substituted derivatives. Closer analysis of this data suggests that this is 
indicative of an overall loss of electron density associated with the cluster 
boron atoms. This is accompanied by an apparent relative increase in shielding of 
the protons on the exopolyhedral arene groups. Moreover, an electrochemical 
study of 41521  (and, for comparison, 9) suggests that some of this 'lost' 
electron density is resident on the metal atom. Similar behaviour was 
previously observed in the N.M.R. data of 3-(1 5-05Me5)-1,2-Ph2-3,1,2-
RhC2B9H9, which was found to have an unprecedented 'pseudocloso' solid-state 
geometry. Indeed, single crystal X-ray diffraction studies of 2 (unit cell data only), 
4 and 5 reveal further instances of this unusual pseudocloso geometry. These results 
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are presented briefly in the following sections, and attempts are made to rationalise 
this behaviour. 
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Crystallographic Study of 2 
Single crystalline dark pink plates of compound 2 were obtained by slow diffusion of 
n-hexane into a concentrated CH 202 solution at -3 0°C 
Unit cell parameters and the space group were determined, but a full data set was not 
collected. Compound 2 crystallises in the monoclinic space group P211a, with 8 
molecules per unit cell; two crystallographically-independent molecules occur per 
asymmetric fraction. 
This study was initially undertaken in the hope that compound 2 might exhibit some 
structural differences when compared to the analogous Rh species. (It has previously 
been shown that considerable variations in behaviour arise in ostensibly analogous Pd 
and Pt complexes of crowded carborane ligands. 711) Moreover, it was hoped that 2 
might give a more accurate structure since the Rh compound was disordered in a 
complicated way. However, the unit cell parameters indicate that the Jr compound 2 
is crystallographically isomorphous, and therefore isostructural, with the Rh analogue, 
and so a full structural determination was not performed. 
Crystal Structure of Compound 4 
Large, perfectly-formed, dark orange crystals of 4 were obtained by solvent diffusion 
(CH2C12/n-hexane) at -3 0°C 
One quadrant of data was collected at ambient temperature. The structure was solved 
by Patterson methods (Ru) and by difference Fourier syntheses (C, B, H). All H atoms 
were located, with the exception of those in the p-cym methyl groups which were 
treated as rigid groups with H atoms set in idealised positions (H—C—H 109.47°, 
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C—H 1 .08A), and allowed positional refinement. Following an absorption correction, 
all non-H atoms were refined with anisotropic thermal parameters. 
Four molecules of compound 4 crystallise in the monoclinic space group Cc with no 
close intermolecular contacts. 
A perspective view of a single molecule of 4, and the numbering scheme employed, is 
shown in Figure 2.7. Selected geometric parameters are listed in Table 2.3. 
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Table 2.3 Interatomic Distances (A) and Selected Interbond Angles (°) in 
Compound 4 
C(1)-C(2) 2.452(6) B(7) -B(12) 1.831(7) 
C(1)-B(4) 1.637(6) B(8)-B(12) 1.772(7) 
C(1)-B(5) 1.616(6) B(9)-B(10) 1.748(7) 
C(1) - B(6) 1.730( 6) B(9) -B(12) 1.740( 7) 
C(1)-C(11) 1.496(6) B(10)-B(11) 1.747(7) 
C(2) -Ru(3) 2.162(4) B(10) -B(12) 1.740(7) 
C(2)-B(6) 1.751(6) B(11)-B(12) 1.791(7) 
C(2) - B(7) 1.632( 7) -C(13) 1.392( 7) 
C(2)-B(11) 1.627(7) C(12)-C(11) 1.399(6) 
C(2) -C(21) 1.496( 6) -C(14) 1.365( 8) 
Ru(3)-B(4) 2.192(5) C(14)-C(15) 1.366(9) 
Ru(3) - B(7) 2.202( 5) C(15) -C(16) 1.367( 8) 
Ru(3)-B(8) 2.220(5) C(16)-C(11) 1.391(6) 
Ru(3) -C(31) 2.284( 5) C(22) -C(23) 1.384(7) 
Ru(3) -C(32) 2.221( 5) -C(21) 1.388( 7) 
Ru(3) -C(33) 2.214( 4) -C(24) 1.380( 8) 
Ru(3) -C(34) 2.387( 4) -C(25) 1.370( 8) 
Ru(3) -C(35) 2.324( 5) -C(26) 1.386( 8) 
Ru(3) -C(36) 2.249( 5) -C(21) 1.401( 7) 
B(4) - B(S) 1.809(7) C(31) -C(32) 1.411(7) 
B(4) - B(8) 1.832(7) C(31) -C(36) 1.402( 7) 
B(4) - B(9) 1.830(7) -C(311) 1.499(8) 
B(S) - B(6) 1.827( 7) -C(33) 1.389( 7) 
B(S) - B(9) 1.789( 7) -C(34) 1.414( 6) 
B(S) -13(10) 1.755( 7) -C(35) 1.393( 7) 
-B(10) 1.878( 7) C(34) -C(341) 1.506( 7) 
B(6)-B(11) 1.816(7) C(35)-C(36) 1.415(7) 
- B(8) 1.805( 7) C(341)-C(342) 1.515( 8) 
B(7) -B(11) 1.816(7) C(341)-C(343) 1.526(7) 
Ru(3) - C(l) - B(4) 69.43(21) B(9) - B(8) -B(12) 58.5(3) 
Ru(3) - C(1) - B(6) 100.36(23) B(4) - B(9) - B(5) 60.0(3) 
Ru(3)-C(1)-C(11) 117.5(3) B(4) - B(9) - B(8) 60.9(3) 
B(4) - C(1) - B(S) 67.6( 3) B(5) - B(9) -B(10) 59.5( 3) 
B(4) - C(1) -C(11) 125.6(3) B(8) - B(9) -B(12) 60.3(3) 
B(5)-C(1)-B(6) 66.1(3) B(10)-B(9)-B(12) 59.8(3) 
B(5)-C(1)-C(11) 117.1(3) B(5)-B(10)-B(6) 60.3(3) 
B(6)C(1)C(11) 117:7(3) B(5)B(10)_B(9) 61.4(3) 
Ru(3) - C(2) - B(6) 98.89(25) B(6) -B(10) -B(11) 60.0(3) 
Ru(3) - C(2) - B(7) 69.35(24) B(9) -B(10) -B(12) 59.9( 3) 
Ru(3) - C(2) -C(21) 117.4(3) B(11)-B(10)-B(12) 61.8(3) 
B(6) - C(2) -B(11) 64.9(3) C(2) -B(11) - B(6) 60.9(3) 
B(6) - C(2) -C(21) 119.6(3) C(2) -B(1 1) - B(7) 56.3( 3) 
B(7) - C(2) -B(11) 67.7(3) B(6) -B(11) -B(10) 63.6(3) 
B(7) - C(2) -C(21) 125.4(4) B(7) -B(11) -B(12) 61.0(3) 
B(11)-C(2)-C(21) 118.3(4) B(10)-B(11)-B(12) 58.9(3) 
C(1) -Ru(3) - C(2) 69.45(15) B(7) -B(12) - B(8) 60.1( 3) 
C(1)-Ru(3)-B(4) 44.35(16) B(7)-B(12)-B(11) 60.2(3) 
C(1) -Ru(3) - B(8) 82.60(17) B(8) -B(12) - B(9) 61.2( 3) 
C(2) -Ru(3) - B(7) 43.89(18) B(9) -B(12) -B(10) 60.3( 3) 
B(4) -Ru(3) - B(8) 49.08(18) B(10) -B(12) -B(1 1) 59.3( 3) 
B(7) -Ru(3) - B(8) 48.19(19) C(13)-C(12)-C(11) 119.3(4) 
C(31) -Ru(3) -C(32) 36.48(19) C(12) -C(13) -C(14) 122.0( 5) 
C(32) -Ru(3) -C(33) 36.51(17) C(13) -C(14) -C(15) 118.5(5) 
C(33) -Ru(3) -C(34) 35.56(15) C(14) -C(15) -C(16) 121.1(6) 
C(34) -Ru(3) -C(35) 34.36(17) C(15) -C(16) -C(11) 121.5(5) 
C(35) -Ru(3) -C(36) 36.00(17) C(1) -C(1 1) -C(12) 120.6( 4) 
C(1) - B(4) -Ru(3) 66.22(21) C(1) -C(1 1) -C(16) 121.9( 4) 
C(1)-B(4)-B(5) 55.7(3) C(12)-C(11)-C(16) 117.5(4) 
Ru(3) - B(4) - B(8) 66.26(22) C(23) -C(22) -C(21) 121.4( 5) 
B(S) - B(4) - B(9) 58.9(3) C(22) -C(23) -C(24) 121.1( 5) 
B(8) - B(4) - B(9) 58.4( 3) -C(24) -C(25) 118.0( 5) 
C(1) -B(S) - B(4) 56.8(3) -C(25) -C(26) 122.1(5) 
C(1) -B(5) - B(6) 59.9(3) -C(26) -C(21) 120.2(5) 
B(4) - B(S) - B(9) 61.1(3) C(2) -C(21) -C(22) 122.8(4) 
B(6) - B(5) -B(10) 63.2( 3) C(2) -C(21) -C(26) 119.8(4)  
B(9) - B(S) -B(10) 59. 1(3) C(22) -C(21) -C(26) 117.3(4)  
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C(1) - B(6) - C(2) 89.6(3) C(32) -C(31) -C(36) 117.2(5) 
C(1) - B(6) - B(S) 53.97(24) C(32) -C(31) -C(311) 121.8(5) 
C(2) - B(6) -B(11) 54.2(3) C(36) -C(31) -C(311) 120.9(5) 
B(5) - B(6) -B(10) 56.5(3) -C(32) -C(33) 121.3( 5) 
B(10) - B(6) -B(1 1) 56.4( 3) -C(33) -C(34) 121.7( 4) 
C(2) - B(7) -Ru(3) 66.76(23) C(33) -C(34) -C(35) 116.3(4)  
C(2) - B(7) -B(1 1) 56.0( 3) -C(34) -C(341) 119.8(4)  
Ru(3) - B(7) - B(8) 66.42(24) C(35) -C(34) -C(341) 123.9( 4) 
B(8) - B(7) -B(12) 58.3( 3) -C(35) -C(36) 122.2( 4) 
B(1 1) - B(7) -B(12) 58.8( 3) C(3 1) -C(36) -C(35) 120.4( 4) 
Ru(3) - B(8) - B(4) 64.66(22) C(34) -C(341)-C(342) 114.7(4)  
Ru(3) - B(8) - B(7) 65.40(23) C(34) -C(341)-C(343) 107.9( 4) 
B(4) - B(8) - B(9) 60.7( 3) C(342)-C(341)-C(343) 110.7(4)  
B(7) - B(8) -B(12) 61.6( 3) 
The structural study of compound 4 reveals that the RuC 2139 polyhedron adopts a 
pseudocloso geometry similar to that observed previously in 3-(715-05Me5)-1 , 2-Ph2-
3,1,2-pseudocloso-RhC 2139H9 . The steric bulk of the Ru-bound arene forces the two 
phenyl groups of the carborane ligand to twist so that they are no longer orthogonal 
to the ligating face of the ligand: this results in large B values of 66.4° [ring C(1 1)-
C(16)] and 43.3° [ring C(21)-C(26)}. In consequence, further steric interactions cause 
the two Ccage atoms bearing the Ph sub stituents to move apart, resulting in a non-
bonding C(1) ... C(2) separation of 2.452(6)A. Simultaneously, B(6) is pulled 
'upwards' out of the lower pentagonal belt of the carborane, by a vertical distance of 
0.29A, so that Ru(3)" B(6) is reduced to only 2.986(5)A. 
The H atoms of the two cage-bound Ph rings were allowed positional refinement in 
the anticipation that the two 0-H atoms, H(161) and H(221), which are close in space 
might be observed to 'bend away' from each other as a result of intramolecular 
repulsions. In the event, however, such a feature was not observed. The p-cymene 
ligand is oriented such that the unique H atom of the isopropyl unit [Me-CL-Me, 
H(341)] is located, at a distance of around 2.6A, over the centre of the C(1 1)-C(16) 
M. 
phenyl ring (Figure 2.8). It was not possible to obtain any definite evidence for this 
interaction from 'H nmr data, since other factors (outlined above) may also affect the 
chemical shift of this proton. (It should be noted that the C molecular symmetry 
observed in solution does not rule out the presence of such an interaction; it may be 
maintained by a simple 'switching' motion whereby the 'Pr unit moves only between 
the two phenyl rings rather than by rotation of the p-cym ligand about the Ru ... B(1O) 
vector.) 
Figure 2.8 Plan View of 4 
Unfortunately diffraction quality crystals of compound 3 could not be obtained. The 
"B N.M.R. data confirms this species to be yet another example of pseudocloso 
geometry. However, in the absence of a structure determination, it is impossible to 
say definitely whether this molecule suffers even greater distortion along the closo-
hypercioso pathway than compounds 4 or 5. 
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Crystal Structure of Compound 5 
Large, well-formed, dark orange crystals of 5 were obtained by solvent diffusion 
(CH2C12/n-hexane, 1:4) at -3 0°C. One hemisphere of data was collected at room 
temperature. The structure was solved by Patterson methods (Ru) and by difference 
Fourier syntheses (C, B, H). The Ph ring was constrained to be a planar, regular 
hexagon (C—C 1 .395A), with H atoms set in idealised positions (C—H 1 .08A). All 
other H atoms were located from AF maps and allowed positional refinement; with 
the exception of H(8) which was unstable under such refinement and was, therefore, 
retained in a fixed position. Following an absorption correction, all non-H atoms were 
refined with anisotropic thermal parameters. 
A perspective view of a single molecule of 5, and the numbering scheme employed, 
are shown in Figure 2.9. (Atoms whose labels include an additional terminal 'a' are 
those generated by reflection in the mirror plane.) 
Four molecules of compound 5 crystallise in the orthorhombic space group Pnma 
with no close intermolecular contacts. The whole molecule has crystallographically-
imposed mirror symmetry, with the atoms Ru(3), B(6), B(8) and B(10) (and the 
associated B-bound H atoms) lying in this mirror plane. Selected geometric 
parameters are listed in Table 2.4. 
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Figure 2.9 View of 3-(1 6-C6H6)- 1,2-Ph2-3,1,2-pseudocloso-RuC2B9H9, 5 
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Table 2.4 Interatomic Distances (A) and Selected Interbond Angles (°) in 
Compound 5 
Ru(3)-C(1) 2.134(5) C(32)-C(33) 1.355(13) 
Ru(3) -C(31) 2.281( 8) C(33) -C(33a) 1.383(13) 
Ru(3) -C(32) 2.230( 9) B(4) - B(5) 1.831( 9) 
Ru(3) -C(33) 2.220( 9) - B(8) 1.790(10) 
Ru(3)-B(4) 2.211(6) B(4)-B(9) 1.817(9) 
Ru(3) - B(8) 2.204(8) - B(6) 1.831(9) 
C(1)-C(11) 1.509(6) B(5)-B(9) 1.793(9) 
C(1)-B(4) 1.641(8) B(5)-13(10) 1.762(10) 
C(1)-B(5) 1.619(8) B(6)-B(10) 1.907(10) 
C(1) - B(6) 1.742( 8) 
- B(9) 1.798(10) 
C(1) -C(la) 2.483( 7) -B(10) 1.743(10) 
C(31) -C(32) 1.358(12) B(9) -B(9a) 1.730( 9) 
C(31) -C(31a) 1.405(11) 
C(1)-Ru(3)-B(4) 44.33(21) C(1)-B(4)-B(5) 55.3(3) 
-Ru(3) -C(32) 35.0( 3) B(S) - B(4) - B(9) 58.9( 3) 
-Ru(3) -C(33) 35.5( 3) B(8) - B(4) - B(9) 59.8( 4) 
B(4) -Ru(3) - B(8) 47.8( 3) C(1) - B(5) - B(4) 56.4( 3) 
Ru(3)-C(1)-C(11) 116.6(3) C(1)-B(5)-B(6) 60.3(4) 
Ru(3) - C(1) - B(4) 70.3(3) B(4) - B(5) - B(9) 60.2(4) 
Ru(3) - C(1) -C(la) 54.43(16) B(6) - B(5) -13(10) 64.1(4) 
C(11)-C(1)-B(4) 124.1(4) B(9) - B(5) -B(10) 58.7(4) 
C(11)-C(1)-B(5) 117.4(4) C(1)-B(6)-B(5) 53.8(3) 
C(1 1) - C(1) - B(6) 120.2( 4) B(5) - B(6) -B(10) 56.2( 4) 
C(11) - C(1) -C(la) 130.6(3) Ru(3) - B(8) - B(4) 66.3(3) 
B(4) - C(1) - B(5) 68.3( 4) B(4) - B(8) - B(9) 60.9( 4) 
B(5)-C(1)-B(6) 65.9(4) B(4) - B(9) - B(5) 60.9(4) 
C(1) -C(l 1) -C(12) 120.5( 3) B(4) - B(9) - B(8) 59.3( 4) 
C(1) -C(1 1) -C(16) 1 19.5( 3) B(S) - B(9) -13(10) 59.7( 4) 
-C(32) -C(33) 119.5(8) B(8) - B(9) -B(9a) 61.2(4) 
-C(3 1) -C(3 la) 119.9(8)  B(10) - B(9) -B(9a) 60.2( 4) 
C(32) -C(33) -C(33a) 120.5( 8) B(S) -B(10) - B(6) 59.7( 4) 
Ru(3)-B(4)-C(1) 65.4(3) B(5)-B(10)-B(9) 61.5(4) 
Ru(3) - B(4) - B(8) 65.9( 3) 
53 
The carbametallaborane moiety in 5 has a very similar geometry to that observed in 4 
above. The two Ccage atoms are, once again, substantially separated - C(1) ... C(la) is 
2.483(7)A - and B(6) approaches the metal atom Ru(3) at a distance of only 
2.946(7)A, being pulled out of the lower pentagonal belt by a vertical distance of 
0.32A. These features may again be attributed to the relief from intramolecular 
crowding that such distortions afford. The (crystallographically-independent) phenyl 
ring is similarly twisted to those in 4, with a high e value of 61.6°. 
Thus, although no progressive distortion was observed on moving from the less 
crowded compound 5 to the more congested compound 4, the three new 
carbametallaboranes described here do constitute further examples of pseudocloso 
clusters. In an attempt to prepare a rather less crowded analogue of these compounds, 
an {(116-arene)Ru}  complex, 6, of the less sterically-demanding carbaborane ligand 
{ 7-Ph-8-Me-7, 8-nido-C 2B9H9 } was prepared and fully characterised spectroscopically 
and structurally. 
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Synthesis and Cha racterisation of 3-(i 6-p-cym)- 1-Ph-2-Me-3, 1 ,2 
RuC2B9H9, 6 
Compound 6 was synthesised in a manner similar to that which afforded the related 
species 3, 4 and 5; namely by the interaction of T1 2[7-Ph-8-Me-7,8-nido-C 2B9H9] and 
[(p-cym)RuC1 2] 2 in CH202, and subsequent chromatographic workup (preparative 
t.l.c., CH2C12/hexane 60:40; product Rf 0.7). Microanalysis, and infrared and 'H and 
"B{'H} N.M.R. spectroscopic analyses confirmed the identity of the product. 
The ' 1B{'H} N.M.R. spectrum shows nine separate resonances (some almost coincide 
and are, therefore, not fully resolved), corresponding to the expected absence of 
molecular symmetry within the carbaruthenaborane cage; the proton-coupled 11B 
N.M.R. spectrum consists of nine doublets ('JBH is in the range 1 15-170Hz), as is 
required for the nine terminal B-H groups. 
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Crystallographic Study of 6 
Yellow crystals of 6 were obtained by the slow diffusion of n-hexane into a CH 202 
solution at -3 0°C 
One quadrant of diffraction data was collected at room temperature. The structure of 
6 could not be solved routinely as a result of severe pseudosymmetry: The 
arrangement of the RuC 2B9 icosahedra corresponds closely to the space group P2 1 /n; 
however, the true space group is P21 , with two crystallographically-independent 
molecules per asymmetric fraction. Accordingly, the program DIRDIF was employed 
in the initial solution of the structure (Ru positions). Some minor imprecision in the 
atomic co-ordinates determined may arise from this pseudosymmetry; however, this is 
thought to be relatively insignificant. 
The remainder of the structure (C, B and cage H atoms) was solved by difference 
Fourier syntheses. Following their location, cage H atoms were refined subject to a 
common B—H distance of 1. 10(5)A. Phenyl rings were treated as planar, rigid 
hexagons (C—C 1 .395A), whilst those in hydrocarbon functions were set in 
calculated positions. An empirical absorption correction was applied; thereafter all 
non-H atoms were allowed anisotropic thermal vibration. 
Perspective views of the two independent molecules of 6, termed 6a and 6b (and the 
numbering scheme employed), are shown in Figures 2.10 and 2.11 respectively. 
Selected geometric parameters for both molecules are listed in Table 2.5. 
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Figure 2.11 View of the crystallographically-independent molecule 'B' of 
3-(16-p-cym)-1-Ph-2-Me-3,1,2-RuC2B9H9, 6b 
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Table 2.5 Interatomic Distances (A) and Selected Interbond Angles (°) in 
Compound 6 
C(la) -C(2a) 1.754(11) C(lb) -C(2b) 1.702(10) 
C(la) -Ru(3a) 2.175(7) C(lb) -Ru(3b) 2.157(8) 
C(la)-13(4a) 1.719(10) C(lb)-B(4b) 1.769(11) 
C(la)-13(5a) 1.648(11) C(lb)-B(5b) 1.750(12) 
C(la)-13(6a) 1.725(11) C(lb)-B(6b) 1.748(12) 
C(la)-C(lla) 1.505(9) C(lb)-C(llb) 1.517(9) 
C(2a) -Ru(3a) 2.157(8) C(2b) -Ru(3b) 2.172(7) 
C(2a) -B(6a) 1.713(12) C(2b) -B(6b) 1.786(12) 
C(2a) -B(7a) 1.712(12) C(2b) -B(7b) 1.740(11) 
C(2a)-B(lla) 1.684(13) C(2b)-13(11b) 1.711(12) 
C(2a)-C(21a) 1.557(12) C(2b)-C(21b) 1.485(11) 
Ru(3a)-B(4a) 2.211(8) Ru(3b)-B(4b) 2.159(8) 
Ru(3a)-B(7a) 2.204( 9) Ru(3b)-B(7b) 2.185( 8) 
Ru(3a)-B(8a) 2.213( 8) Ru(3b)-B(8b) 2.224( 9) 
Ru(3a)-C(31a) 2.315(7) Ru(3b)-C(31b) 2.322(7) 
Ru(3a)-C(32a) 2.241( 8) Ru(3b)-C(32b) 2.264( 7) 
Ru(3a)-C(33a) 2.228(8) Ru(3b)-C(33b) 2.211(8) 
Ru(3a)-C(34a) 2.214( 7) Ru(3b)-C(34b) 2.261( 8) 
Ru(3a)-C(35a) 2.199(7) Ru(3b)-C(35b) 2.174(7) 
Ru(3a)-C(36a) 2.246( 7) Ru(3b)-C(36b) 2.248( 8) 
B(4a) -B(5a) 1.746(11) B(4b) -B(5b) 1.870(12) 
B(4a) -B(8a) 1.779(11) B(4b) -B(8b) 1.793(12) 
B(4a) -B(9a) 1.763(11) B(4b) -B(9b) 1.817(12) 
B(5a) -B(6a) 1.746(12) B(5b) -B(6b) 1.655(13) 
B(5a) -B(9a) 1.780(12) B(5b) -B(9b) 1.799(13) 
B(5a) -B(lOa) 1.826(12) B(5b) -B(lOb) 1.694(13) 
B(6a) -B(lOa) 1.811(12) B(6b) -B(lOb) 1.625(13) 
B(6a) -B(lla) 1.770(13) B(6b) -B(llb) 1.750(13) 
B(7a) -B(8a) 1.765(12) B(7b) -B(8b) 1.826(12) 
B(7a)-B(lla) 1.728(13) B(7b)-B(llb) 1.788(12) 
B(7a) -B(12a) 1.733(12) B(7b) -B(12b) 1.776(12) 
B(8a) -B(9a) 1.738(12) B(8b) -B(9b) 1.802(13) 
B(8a) -B(12a) 1.765(12) B(8b) -B(12b) 1.791(13) 
B(9a) -B(lOa) 1.776(12) B(9b) -B(lOb) 1.740(13) 
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C(la) -C(2a) 	1.754(1 1) C(lb) -C(2b) 	 1.702(10) 
B(9a) -B(12a) 1.737(12) B(9b) -B(12b) 1.749(14) 
B(lOa)-B(lla) 	1.749(13) B(lOb)-B(llb) 	1.709(13) 
B(lOa)-B(12a) 1.763(13) B(lOb)-B(12b) 1.725(13) 
B(lla)-B(12a) 	1.725(13) B(llb)-B(12b) 	1.709(13) 
C(3 la)-C(32a) 1.384(10) C(3 lb)-C(32b) 1.380(10) 
C(3 la)-C(36a) 	1.403(10) C(3 lb)-C(36b) 	1.413(11) 
C(3 la)-C(37a) 1.476(11) C(3 lb)-C(37b) 1.517(12) 
C(32a)-C(33a) 	1.434(11) C(32b)-C(33b) 	1.384(11) 
C(33a)-C(34a) 1.398(11) C(33b)-C(34b) 1.453(11) 
C(34a)-C(35a) 	1.390(10) C(34b)-C(35b) 	1.330(11) 
C(34a)-C(40a) 1.540(11) C(34b)-C(40b) 1.473(12) 
C(35a)-C(36a) 	1.417(10) C(35b)-C(36b) 	1.398(11) 
C(40a)-C(41a) 1.510(12) C(40b)-C(41b) 1.521(14) 
C(40a)-C(44a) 	1.493(12) C(40b)-C(44b) 	1.481(14) 
C(2a) -C(la) -Ru(3a) 	65.6( 3) C(2b) -C(lb) -Ru(3b) 	67.3( 4) 
C(2a) -C(la) -B(6a) 59.0( 4) C(2b) -C(lb) -B(6b) 62.3(5) 
C(2a) -C(la) -C(lla) 	121.6(5) C(2b) -C(lb) -C(llb) 	123.3(6) 
Ru(3a)-C(la) -B(4a) 68.0( 3) Ru(3b)-C(lb) -B(4b) 65.9( 4) 
Ru(3a)-C(la) -C(lla) 	110.8(4) Ru(3b)-C(lb) -C(llb) 	114.8(4) 
B(4a) -C(la) -B(5a) 62.4( 5) B(4b) -C(lb) -B(5b) 64.2( 5) 
B(4a) -C(la) -C(lla) 	124.1(5) B(4b) -C(lb) -C(llb) 	123.3(6) 
B(5a) -C(la) -B(6a) 62.3( 5) B(5b) -C(lb) -B(6b) 56.5( 5) 
B(5a) -C(la) -C(1 la) 	116.7(6) B(5b) -C(lb) -C(1 ib) 	112.4(6) 
B(6a) -C(la) -C(lla) 113.1(5) B(6b) -C(lb) -C(llb) 112.6(6) 
C(la) -C(2a) -Ru(3a) 	66.7( 4) C(lb) -C(2b) -Ru(3b) 	66.4( 4) 
C(la) -C(2a) -B(6a) 59.7( 5) C(lb) -C(2b) -B(6b) 60.1( 5) 
C(la) -C(2a) -C(21a) 	122.2( 6) C(lb) -C(2b) -C(21b) 	122.3( 6) 
Ru(3a)-C(2a) -B(7a) 68.3( 4) Ru(3b)-C(2b) -B(7b) 66.9( 4) 
Ru(3a)-C(2a) -C(21a) 	109.5( 5) Ru(3b)-C(2b) -C(21b) 	113.0( 5) 
B(6a) -C(2a) -B(1 la) 62.8( 5) B(6b) -C(2b) -B(1 ib) 60.0( 5) 
B(6a) -C(2a) -C(21a) 	114.0(6) B(6b) -C(2b) -C(21b) 	115.1(6) 
B(7a) -C(2a) -B(lla) 61.2(5) B(7b) -C(2b) -B(llb) 62.4(5) 
B(7a) -C(2a) -C(21a) 	122.4( 6) B(7b) -C(2b) -C(21b) 	122.1( 6) 
B(1 la)-C(2a) -C(21a) 116.7(7) B(1 lb)-C(2b) -C(21b) 114.9(6) 
C(la) -Ru(3a)-C(2a) 47.8( 3) C(lb) -Ru(3b)-C(2b) 46.3( 3) 
C(la) -Ru(3a)-B(4a) 46.2( 3) C(lb) -Ru(3b)-B(4b) 48.4( 3) 
C(2a) -Ru(3a)-B(7a) 46.2( 3) C(2b) -Ru(3b)-B(7b) 47.1(3) 
B(4a) -Ru(3a)-B(8a) 47.4( 3) B(4b) -Ru(3b)-B(8b) 48.3( 3) 
B(7a) -Ru(3a)-B(8a) 47.1(3) B(7b) -Ru(3b)-B(8b) 48.9(3) 
C(3 1 a)-Ru(3a)-C(32a) 35.3(3) C(3 lb)-Ru(3b)-C(32b) 35.0(3) 
C(3 1 a)-Ru(3 a)-C(36a) 35.8(3) C(3 lb)-Ru(3b)-C(36b) 36.0( 3) 
C(32a)-Ru(3a)-C(3 3a) 37.4(3) C(32b)-Ru(3b)-C(3 3b) 36.0( 3) 
C(33a)-Ru(3a)-C(34a) 36.7( 3) C(33b)-Ru(3b)-C(34b) 37.9( 3) 
C(34a)-Ru(3 a)-C(3 5a) 36.7(3) C(34b)-Ru(3b)-C(3 5b) 34.8(3) 
C(3 5a)-Ru(3a)-C(36a) 37.2(3) C(3 5b)-Ru(3b)-C(36b) 36.8(3) 
C(la) -B(4a) -Ru(3a) 65.8( 3) C(lb) -B(4b) -Ru(3b) 65.8( 4) 
C(la) -B(4a) -B(Sa) 56.8( 4) C(lb) -B(4b) -B(5b) 57.4( 4) 
Ru(3a)-B(4a) -B(8a) 66.4( 4) Ru(3b)-B(4b) -B(8b) 67.8( 4) 
B(5a) -B(4a) -B(9a) 60.9( 5) B(5b) -B(4b) -B(9b) 58.4( 5) 
B(8a) -B(4a) -B(9a) 58.8( 5) B(8b) -B(4b) -B(9b) 59.9( 5) 
C(la) -B(5a) -B(4a) 60.8( 5) C(lb) -B(5b) -B(4b) 58.4( 4) 
C(la) -B(5a) -B(6a) 61.0(5) C(lb) -B(5b) -B(6b) 61.7( 5) 
B(4a) -B(5a) -B(9a) 60.0( 5) B(4b) -B(5b) -B(9b) 59.3( 5) 
B(6a) -B(5a) -B(lOa) 60.9( 5) B(6b) -B(5b) -B(lOb) 58.0( 5) 
B(9a) -B(5a) -B(lOa) 59.0( 5) B(9b) -B(5b) -B(lOb) 59.7( 5) 
C(la) -B(6a) -C(2a) 61.4( 5) C(lb) -B(6b) -C(2b) 57.6(4) 
C(la) -B(6a) -B(5a) 56.7( 5) C(lb) -B(6b) -B(5b) 61.8( 5) 
C(2a) -B(6a) -B(lla) 57.8(5) C(2b) -B(6b) -B(llb) 57.9(5) 
B(5a) -B(6a) -B(lOa) 61.8( 5) B(5b) -B(6b) -B(lOb) 62.2( 6) 
B(lOa)-B(6a) -B(lla) 58.5(5) B(lOb)-B(6b) -B(llb) 60.7(5) 
C(2a) -B(7a) -Ru(3a) 65.4( 4) C(2b) -B(7b) -Ru(3b) 66.1(4) 
C(2a) -B(7a) -B(1 la) 58.6( 5) C(2b) -B(7b) -B(1 ib) 58.0( 4) 
Ru(3a)-B(7a) -B(8a) 66.7( 4) Ru(3b)-B(7b) -B(8b) 66.6( 4) 
B(8a) -B(7a) -B(12a) 60.6( 5) B(8b) -B(7b) -B(12b) 59.6( 5) 
B(lla)-B(7a) -B(12a) 59.8(5) B(llb)-B(7b) -B(12b) 57.3(5) 
Ru(3a)-B(8a) -B(4a) 66.2( 4) Ru(3b)-B(8b) -B(4b) 64.0( 4) 
Ru(3a)-B(8a) -B(7a) 66.2( 4) Ru(3b)-B(8b) -B(7b) 64.4( 4) 
B(4a) -B(8a) -B(9a) 60.1( 5) B(4b) -B(8b) -B(9b) 60.7( 5) 
B(7a) -B(8a) -B(12a) 58.8( 5) B(7b) -B(8b) -B(12b) 58.8( 5) 
B(9a) -B(8a) -B(12a) 59.4( 5) B(9b) -B(8b) -B(12b) 58.2( 5) 
B(4a) -B(9a) -B(5a) 59.1(5) B(4b) -B(9b) -B(5b) 62.3( 5) 
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B(4a) -B(9a) -B(8a) 61.1( 5) B(4b) -B(9b) -B(8b) 59.4( 5) 
B(5a) -B(9a) -B(lOa) 61.8( 5) B(5b) -B(9b) -B(lOb) 57.2( 5) 
B(8a) -B(9a) -B(12a) 61.0( 5) B(8b) -B(9b) -B(12b) 60.6( 5) 
B(lOa)-B(9a) -B(12a) 60.2( 5) B(lOb)-B(9b) -B(12b) 59.3( 5) 
B(5a) -B(lOa)-B(6a) 57.4( 5) B(5b) -B(lOb)-B(6b) 59.8( 5) 
B(5a) -B(lOa)-B(9a) 59.2( 5) B(5b) -B(lOb)-B(9b) 63.2( 5) 
B(6a) -B(lOa)-B(lla) 59.6(5) B(6b) -B(lOb)-B(llb) 63.3(6) 
B(9a) -B(lOa)-B(12a) 58.8( 5) B(9b) -B(lOb)-B(12b) 60.6( 5) 
B(lla)-B(lOa)-B(12a) 58.8(5) B(llb)-B(lOb)-B(12b) 59.7(5) 
C(2a) -B(1 la)-B(6a) 59.4( 5) C(2b) -B(1 lb)-B(6b) 62.1(5) 
C(2a) -B(lla)-B(7a) 60.2(5) C(2b) -B(llb)-B(7b) 59.6(5) 
B(6a) -B(lla)-B(lOa) 61.9(5) B(6b) -B(llb)-B(lOb) 56.0(5) 
B(7a) -B(lla)-B(12a) 60.3(5) B(7b) -B(llb)-B(12b) 61.0(5) 
B(lOa)-B(lla)-B(12a) 61.0(5) B(lOb)-B(llb)-B(12b) 60.6(5) 
B(7a) -B(12a)-B(8a) 60.6( 5) B(7b) -B(12b)-B(8b) 61.6( 5) 
B(7a) -B(12a)-B(lla) 59.9(5) B(7b) -B(12b)-B(llb) 61.7(5) 
B(8a) -B(12a)-B(9a) 59.5( 5) B(8b) -B(12b)-B(9b) 61.2( 5) 
B(9a) -B(12a)-B(lOa) 61.0( 5) B(9b) -B(12b)-B(lOb) 60.1( 5) 
B(lOa)-B(12a)-B(1 la) 60.2( 5) B(lOb)-B(12b)-B(1 ib) 59.7( 5) 
C(la) -C(lla)-C(12a) 123.1(5) C(lb) -C(llb)-C(12b) 122.9(4) 
C(la)-C(lla)-C(16a) 116.9(5) C(lb)-C(llb)-C(16b) 117.1(4) 
Ru(3a)-C(3 1 a)-C(3 7a) 133.4( 5) Ru(3b)-C(3 1 b)-C(3 7b) 133.9( 5) 
C(32a)-C(3 1 a)-C(36a) 117.1(7) C(32b)-C(3 lb)-C(36b) 118.1(7) 
C(32a)-C(3 la)-C(37a) 124.6( 7) C(32b)-C(3 lb)-C(37b) 122.4( 7) 
C(36a)-C(3 1 a)-C(37a) 118.2(7) C(36b)-C(3 lb)-C(3 7b) 119.5(7) 
C(3 1 a)-C(32a)-C(3 3a) 123.2(7) C(3 lb)-C(32b)-C(33b) 120.1(7) 
C(32a)-C(33a)-C(34a) 117.4(7) C(32b)-C(33b)-C(34b) 123.0( 7) 
Ru(3a)-C(34a)-C(40a) 131.7( 5) Ru(3b)-C(34b)-C(40b) 130.7( 6) 
C(3 3 a)-C(34a)-C(3 5a) 121.0(7) C(3 3b)-C(3 4b)-C(3 Sb) 113.5(7) 
C(33a)-C(34a)-C(40a) 119.7(7) C(33b)-C(34b)-C(40b) 121.8(7) 
C(35a)-C(34a)-C(40a) 119.2(7) C(35b)-C(34b)-C(40b) 124.6( 7) 
C(34a)-C(35a)-C(36a) 119.5(6) C(34b)-C(35b)-C(36b) 126.1(7) 
C(3 1 a)-C(36a)-C(3 5a) 121.6(7) C(3 lb)-C(36b)-C(3 Sb) 118.9(7) 
C(34a)-C(40a)-C(41a) 113.3(7) C(34b)-C(40b)-C(41b) 115.5(8)  
C(34a)-C(40a)-C(44a) 110.5(7) C(34b)-C(40b)-C(44b) 108.9( 8) 
C(41a)-C(40a)-C(44a) 112.0(7) C(41b)-C(40b)-C(44b) 113.0(8)  
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The two crystallographically-independent molecules 6a and 6b are of opposite 
chirality but, allowing for this, are largely similar in geometry (in terms of the cage, 
twist of phenyl groups and orientation of the p-cym ligand). 
At first sight, neither molecule of 6 has a geometry that is intermediate between the 
closo and pseudocloso structures discussed earlier: the {RuC 2B9 } polyhedra retain 
an overall closed icosahedral shape. However, there are significant differences 
between the two independent molecules 6a and 6b and, as will be shown, there is 
evidence that the cluster geometry of the former is suggestive of a move towards a 
more open (i.e., pseudocloso) cage structure. In 6b, the C( 1 b)—C(2b) distance is 
1.702(1 0)A, rather longer than in other related, but less crowded, compounds; the 
Ru(3b) ... B(6b) distance is 3.451(9)A, similar to that in less congested analogues. In 
contrast, the C(la)—C(2a) distance in 6a [1.754(10)A] is rather longer, and 
Ru(3a) ... B(6a) [3.407(8)A] is rather shorter, than in 6b. Thus it appears that the 
structure of 6a lies along the 'deformation pathway' from closo to pseudocloso, albeit 
much closer to the former extreme. The phenyl group in 6a is twisted such that 
o = 60.1 0, whereas in 6b this parameter (55.8°) is slightly smaller. As discussed 
earlier, a lower 0 value should contribute to a shortening of the CcageCcage distance: 
the fact that the reverse is true in the present pair of compounds indicates that other 
inter- and intramolecular interactions are dominant here. 
The methyl-bearing atom [C(3 1)] of the Ru-bound arene is forced by steric crowding 
to point towards the cage-bound phenyl group. As a consequence the arene "lifts" 
away, giving rise to tilt angles [relative to the essentially planar B(5, 6, 11, 12, 9) 
'reference' plane] of 5.6° (6a) and 7.0° (6b); rather larger than those observed 
previously. In both 6a and 6b the ligating C2B3 face is very close to planarity: the 
folding angles Ofold and 4fo1d  are only 1.8° (6a), 2.0° (6b) and 0.8 0 (6a), 2.3 0 (6b) 
respectively. However, both Ru atoms show a significant 'slip' away from the 
expected position over the centre of the carborane C 2B3 face, towards B(8): the slip 
parameter A is 0.042A (6a) and 0.040A (6b) (cf typically o.oisA previously). 
A similar situation has been observed in bis(phosphine)platinum complexes of the 
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same (methyiphenylcarborane) ligand 53 ; in that case, as in the present one, the 
enhanced A value may be directly attributed to relief from steric crowding. 
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Discussion 
It has been noted previously that the major geometric change associated with the 
closo—*pseudocloso—*hypercloso transformation is a single Diamond-Square-
Diamond (DSD) operation which causes a lengthening in the C(1)-C(2) distance and a 
simultaneous shortening of the M(3)" B(6) distance. For the compounds discussed in 
this chapter, these parameters are compared (Table 2.6 below) with those in less 
crowded species, and known hypercioso clusters. A graphical representation of this 
data (Figure 2.12) demonstrates that a 'spread' of structures between these 2 
extremes may be possible. 
Table 2.6 Selected Internuclear Distances (A) in a range of 12-vertex 
Carbametallaboranes I1-R-2-R'-3-{L 3M}-1 92-C2B9H91 
{L3M} R R' C(1) - C(2) M(3) . .. B(6) 
(C611)Ru 301 H H 1.626(4) 3.481(3) 
(C6Me6)Ru 50' H H 1.657(10) 3.474(6) 
(C6Me3H3)Ru 351 Ph H 1.656(6) 3.459(5) 
(p-cym)Ru Ph Me 1 . 754(11)a 3 . 407(8)a 
(p-cym)Ru Ph Me 1.702(10)" 
(C6H)Ru Ph Ph 2.483(7) 2.946(7) 
(p-cym)Ru Ph Ph 2.452(6) 2.986(5) 
(C51-15)Cot54 Ph Ph 2.275(5) 2.938(4) 
(C 5Me5)Ir 511 H H 1.624(14) 3.452(13) 
(C 5Me5)Rh 511 H H 1.635(7) 3.474(6) 
(C 5Me5)Rh 491 Ph Ph 2 . 51(3)a 2 . 922(24)a 
(C 5Me5)Rh 49' Ph Ph 
2•50(3)b 2908(24)b 
L4Wt,*[47] Me Me 1.620(7) 3.706(7) 
L3W,*F47l Me Me 2.917(9) 2.51(2) 
L3Wtt,*[55] Me Me 2.881(24) 2.483(8) 
a crystallographically-independent molecule 'A'; b  molecule 'B'. 
t LW = {(Me3P)(CO)2W(t-H)Pt(PEt3)2}. * B(8)—(CH 2C5H4Me-4)-substituted cage. 
L3W = {(j.t-CO) 2W=Pt(PEt3)2 }. 
ttL3W = {W(.t-r,it -C(C 6H4Me)=) (LB,w-H)W(CO)2C2B9H8Me2i 
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Figure 2.12 Graphical Representation of the Relationship Between The 
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It is evident that a full continuum of structures is not yet available. Instead the 
compounds occur in groups corresponding to closo, pseudocloso and hypercioso: 
compounds 2, 4 and 5 are all clearly of pseudocloso structure. Interestingly, the 
structure of 6 lies very much towards the pseudocloso extreme of the 'closo group' of 
structures. 
Although structural changes can be monitored by comparison of only one or two 
interatomic distances (as above), it is often informative (and perhaps more correct) to 
consider changes in the polyhedron as a whole. This may be achieved by the technique 
of r.m.s. misfit calculations. 1561  In this technique the two structures are superimposed 
and rotated relative to a common centre of gravity so as to minimise (the sum of the 
squares of) the distance ('misfit') between corresponding atoms. In addition to the 
overall root mean square (r.m.s.) misfit, the final individual atom misfits may provide 
useful information in identifjing the site(s) of greatest structural perturbation. In the 
present case an overall misfit of 0.03-0.04 A is in the order of experimental error and 
may be considered a 'good fit'. 
Comparison of the C 2139 polyhedra of several 1 2-vertex carbametallaboranes with a 
reference closo carbametallaborane using the r.m.s. misfit technique (Table 2.7) 
confirms that as one progresses from closo through pseudocloso to hypercioso, the 
major structural changes are indeed localised around the C(1), C(2), B(6) [and 
presumably M(3)] vertices. Although the perturbations in the structure of 6a are 
small, they are still in the expected direction. 
Table 2.7 Results of r.m.s. Misfit Calculations (A) on Selected 12-vertex 
Carbametallaboranes, Relative to 3-(C 6H6)-3, 1,2-closo-RuC2B9H1 
[30] 
a'351 6b 6a 5 4 
Cl 0.024 0.053 0.060 0.365 0.407 0.627 
C2 0.062 0.081 0.060 0.400 0.425 0.644 
B4 0.047 0.052 0.026 0.082 0.080 0.136 
B5 0.015 0.048 0.055 0.070 0.085 0.174 
B6 0.018 0.043 0.089 0.222 0.240 0.358 
B7 0.013 0.024 0.005 0.102 0.068 0.145 
B8 0.031 0.052 0.027 0.100 0.094 0.164 
B9 0.019 0.008 0.031 0.037 0.038 0.072 
BlO 0.043 0.043 0.073 0.043 0.048 0.071 
Bil 0.034 0.038 0.033 0.092 0.075 0.171 
B12 0.027 0.040 0.036 0.054 0.037 0.016 
Overall 
Misfit 0.034 0.047 0.051 0.188 0.200 0.312 
a closo-(C6H3Me3)RuC2B9H1 0Ph 
b hypercloso-{ ( Et 3P)2P&W(.tptw CO)2 }C2B9H1 0-B(CH2C6H4Me4) 
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It would be expected that such structural changes would manifest themselves in the 
physical properties of these compounds. In particular, since the closo—*hypercloso 
transformation is accompanied by a formal loss of two cluster electrons, it is likely 
that the cluster electronic properties (as monitored by N.M.R. spectroscopy and 
electrochemistry) would show a pronounced effect. 
It was noted earlier that "B N.M.R. parameters in compounds 2 to 5 show a 
considerable deshielding of the boron vertices, and that an electrochemical study of 
the diphenylcarborane complex 4 has suggested that some of the cluster electron 
density shifts onto the metal atom. Tables 2.8 and 2.9 below more clearly demonstrate 
the former feature by comparing weighted average "B N.M.R. chemical shifts. Thus, 
Table 2.8 demonstrates a substantial decrease in average boron atom shielding in the 
compounds 3-(1 5 -05Me5)-1,2-R2-3, 1,2-MC 2B9H9 (M = Rh, Ir) when the C ge-bound 
H atoms are replaced by phenyl groups. 
Table 2.8 1 'B N.M.R. Parameters (p.p.m.) for 3-(1 5-05Me5)-1,2-R2-3,1,2- 
MC2B9H9 
That this is not merely an effect of attaching two electron-withdrawing substituents 
may be seen in Table 2.9. The difference in weighted average ö(' 1B) between the 
compounds 3-(1 6-p-cym)-1-R-2-H-3,1,2-RuC2B9H9 (R = H, Ph) is only around 1 
p.p.m.; whereas the 1,2-Ph 2  compound has a weighted average over 14 p.p.m. greater 
than these two compounds. Indeed, this table provides further evidence for a gradual 
change in cluster properties with increase in steric crowding. Moreover, the weighted 
average "B chemical shift for compound 6 does show some movement away from a 
closo towards a pseudocloso cage, consistent with its structure (discussed above). 
Table 2.9 "B N.M.R. parameters (p.p.m.) for 3-( 6-arene)-1-R-2-R'-3,1,2- 
RuC2B9H9 
arene R R' Weighted average 
C61-16 H H -11.1 
p-cym H H -9.6 
C6Me6 581 H H -10.2 
p-cym Ph H -8.2 
C6Me3H3 Ph H -8.2 
p-cym Ph Me -6.1 
C6H,6 Ph Ph 5.4 
p-cym Ph Ph 5.6 
C6Me6 Ph Ph 6.4 
[In addition a similar, but much more pronounced, loss of cluster electron density is 
evident in the "B N.M.R. spectra of the hypercioso 10-vertex carbaruthenaboranes 
prepared by Hawthorne et a! 
[48,59]  [cf. figure 2.4(b)]: In the compounds 
hyperc16so-L 2RuC2B7H7R2 (R = H, Me, Ph; L2 = chelating alkenyl phosphine, 
L = PPh3, PEt3), weighted average "B chemical shifts lie around 12 - 18 p.p.m., with 
one resonance occurring at around 105 - 110 p.p.m.; the corresponding closo 
compounds L2RuC2B7H7R2 48'591  (L = CO, similar phosphines) have weighted average 
"B chemical shifts between around -13 to -15 p.p.m.]. 
A possible indication of the fate of the electron density 'lost' from the boron atoms in 
pseudocloso species is also offered by consideration of the N.M.R. spectroscopic 
data. The 'H chemical shifts (Table 2.10) of the methyl protons in the compounds 3-( 
15-05Me5)-1,2-R2-3,1,2-MC2B9H9 (R= H, Ph; M= Rh, Ir) clearly indicate increased 
electron density at the C 5Me5 ligand in the diphenyl carborane complexes. This may 
be thought of either as some cluster electron density shifting onto this ligand, or as 
this ligand being 'less able' to donate electrons to a 'more electron rich' metal atom. 
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Table 2.10 'H N.M.R. parameters (p.p.m.) for the C 5Me5 protons in 
3-(1 5-05Me5)- 1,2-R2-3,1 ,2-MC2B9H9 
M R 
Rh H 2.04 
Ir H 2.09 
Rh Ph 1.29 
Jr Ph 1.24 
In addition, a similar - although perhaps less pronounced - situation is seen in the 
chemical shifts of the p-cym protons in the compounds 3-(1 6-p-cym)-1-R-2-R'-3,1,2-
RuC2B9H9  (Table 2.11). Here again there is evidence of increased electron density 
associated with the metal-bound ligand in the diphenyl-substituted compound. 
However, in the corresponding methyiphenylcarborane complex, the parameters are 
somewhat ambiguous and do not provide any further definite support for the 
intermediacy of this compound between closo and pseudocloso structures. 
Table 2.11 'H N.M.R. parameters (p.p.m.) forp-cym protons in 3-(q 6-p-cym)-1- 
R-2-R'-3,1,2-RuC2B9H9 
F ar 
H2< Hh CH3 . H 
Haj. 
R R' 6(H,) 6(H2) 6(H3) ö(Hai.) 
H H 2.32 1.28 2.85 5.93-5.88 
Ph H 2.35 1.26 2.76 5.51-4.97 
Ph Me 2.48 1.28 2.88 5.76-5.23 
Ph Ph 1.55 1.02 2.09 5.41-5.12 
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Finally, a similar pattern is seen in comparing the arene proton resonances in the two 
compounds 3-(16-C6H6)-1,2-R2-3,1,2-RuC2B9H9 (R = H, Ph). In the unsubstituted 
complex these protons resonate at 6.3 p.p.m compared with 5.6 p.p.m. in the diphenyl 
derivative. Furthermore, the methyl protons in 3 -(116-C6Me6)- 1 ,2-R2-3, 1 ,2-RuC2B9H9 
resonate at 2.2 p.p.m. (R=H) and 1.6 p.p.m. (R=Ph). 
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Conclusions and Further Work 
The diphenyl-nido-carbaborane anion [7, 8-Ph 2-7,8-nido-C2B9H,o] - has been 
synthesised and characterised as the benzyltrimethylammonium salt. Several metal 
complexes of the ligand derived from this carbaborane have also been prepared. 
Multinuclear ("B) N.M.R. spectroscopy and single crystal X-ray difiiaction studies of 
these have shown them to have an unusual pseudocloso cage geometry which occurs 
as a result of steric interactions between the cage-bound phenyl rings and the metal-
bound ligands. Evidence has been presented which further supports the proposal that 
the pseudocloso geometry lies between the two structural extremes of closo and 
hypercioso. In addition, a further metal complex of the less sterically-demanding 
methylphenylcarborane ligand was prepared and structurally characterised. This 
species is itself intermediate between closo and pseudocloso geometries. 
It is clear that a continuum of structures between closo and hypercioso is not yet 
available; a major objective of further work must be to complete this series. 
Complexes of the type 3-(1 6-arene)-1-Ph-2-R-3,1,2-RuC2119119 (R = 'Pr, tBu) are 
likely to have geometries which lie between closo and pseudocloso; whereas severely 
crowded complexes such as 3-(1 6-C6Ph6)-1,2-Ph2-3,1,2-RuC2B9H9 or 3-(11 6-arene)-l-
(C6H2Me3-2,4,6)-2-R-3,1,2-RuC2B9H9 (R = Ph, C 6H2Me3-2,4,6) may have cage 
geometries in which sterically-induced distortions lie towards the hypercioso end of 
this series. 
To date, all the known examples of pseudocloso geometries are almost exclusively 
derived from the complexation of an ML 3 fragment, in which L3 is a planar aromatic 
hydrocarbon, by diphenylcarborane. It would be of interest to synthesise compounds 
of other ML3  ligand types. One obvious such target must be 3,3,3-(CO) 3-1,2-Ph2-
3,1,2-RuC2B9H9, which is anticipated to have a closo structure; this remains to be 
established in practice. Despite repeated attempts by the author, this product could 
not be obtained by the conventional route, namely reaction between T1 2[Ph2C2B9H9] 
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and [Ru(CO)3Cl2]2. A high-yield synthesis of the analogous non-C ge-substituted 
compound was reported recently; similarly the diphenyl compound might be available 
via reaction between 7,8-Ph2-7,8-nido-C2B9H 1 1 and Ru3(CO) 1 2. 601 
The unusual electronic properties of pseudocloso clusters must be further 
investigated. In particular 13C N.M.R. parameters must be obtained for the M-bound 
ligands to determine whether the increased shielding observed for their protons is 
mirrored in the carbon atom chemical shifts. Similarly, C ge chemical shifts should be 
obtained to verify that the loss of electron-density exhibited by the boron atoms 
occurs throughout the carborane moiety (i.e., that this effect is not merely the result 
of a redistribution of charge). It may also be informative to monitor whether structural 
changes have any significant effect on the cage bound Ph groups. (To date 
satisfactory ' 3 C N.M.R. spectra of pseudocloso carbametallaboranes have not been 
obtained, partly as a consequence of poor solubility.) 
Detailed molecular orbital calculations are also required to establish the exact nature 
of the electronic and molecular orbital changes involved in the 
closo—>pseudocloso---*hypercloso transformation, and to ascertain the charge 
distribution within the pseudocloso framework. 








[1 his Chapter describes two attempted routes to a hypercioso ruthenium- 
carborane complex, "3,3 -(PPh 3)2- 1 ,2-Ph2-3, 1 ,2-RuC2B9H9". However, as 
these experiments reveal, this apparently straightforward synthesis could not easily be 
achieved and two new compounds have been prepared. 
The reaction of T1 2[7,8-Ph2-7,8-nido-C2B9H9] with [(PPh3)3RuC12]2 in CH2C12 gave 
the (unexpected) chloro-bis(phosphine)-ruthenium complex [5,6,1 O-exo-
{ (tR,B-H)3Ru(Cl)(PPh3)2} -7,8-Ph 2- 1 O-endo-H-7, 8-nido-C 2B 9H6], 7, in which the 
metal fragment was confirmed by X-ray crystallography to occupy an exopolyhedral 
position. Interaction with the solvent is thought to be the source of the additional 
cage-bound proton. As in similar, less crowded analogues, detailed multinuclear 
N.M.R. spectroscopy reveals that in solution 7 is isomeric between two distinct exo-
nido structures. The proposed exchange mechanism differs from that suggested 
previously for less crowded analogues. A similar reaction in MeCN (to eliminate 
possible proton sources) yields the ionic species 
[(MeCN)2(PPh3)2Ru(.t-Cl)2Ru(PPh3)2(NCMe)2f [7, 8-Ph 2-7, 8-nido-C2B9H9] 2, 8(1)2, 
which was structurally identified and characterised. In this, the nido-carborane anion 1 
is similar to structures previously determined. 
The failure to attach a {Ru(PPh 3)2} fragment to the open ligating face of 
diphenylcarborane is rationalised. 
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Routes to Truly Hypercioso Complexes 
The aim of the work described in this Chapter was the deliberate synthesis of a 
ruthenium-carborane complex which has the same number of skeletal bonding pairs as 
there are cluster vertices, that is, a hypercioso cluster. 
In the previous Chapter, it was shown that steric crowding can cause movement along 
a pathway from closo to hypercioso geometry: indeed, it may be that yet greater 
congestion will lead to a truly hypercioso structure. Alternatively, such compounds 
may be accessed via electronic means. The pseudocloso complexes 3, 4  and 5 (see 
Chapter 2) contain a (formal) two-electron donor {(arene)Ru} 2 fragment; 
replacement by the zero-electron fragment {(PPh 3)2Ru} 2+  should lead to a carborane 
which contains 2 fewer electrons, i.e., a hypercloso species. Such a complex would be 










Figure 3.1 Formation of a Hypercloso-C,C'-Diphenyl-Carbaruthenaborane 
The intended synthetic route is illustrated in Figure 3.1 above. It was anticipated that 
the steric demands of the cage-bound phenyl groups would cause dissociation of one 
PPh3 ligand from the Ru centre, so that a ((PPh 3)2Ru) 2 fragment is incorporated into 
the cluster. 
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A comparable strategy has been employed by Hawthorne et al in the formation of 
1 0-vertex bis(phosphine)Ru-carborane complexes 48 . In this, Na[C2B7H8R2] is treated 
with [RuHC1(PPh3)3] to afford the truly hyperc16so-(Ph3P)2RuC2B7H7R2 [cf. Figure 
2.4(b)]. 
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Reaction Between [(PPh 3)3RuC12] 2 and T12 [7,8-Ph2-7,8-nido-C2B9H9 J 
in C11202. Formation and Crystal Structure of 7. 
The reaction between T1 2[7, 8-Ph2-7, 8-nido-C 2B9H9] and [(PPh3 )3RuC12] 2 in CH202 
(77K—*293K), followed by preparative t.l.c. and crystallisation, gave a dark 
orange/red product, 7. However, multinuclear N.M.R. spectroscopy revealed that this 
product was unlike any expected and that, moreover, 7 (although crystalline) 
appeared to exist as two interconverting forms in solution. Accordingly, a structural 
determination was undertaken. 
Large, dark orange blocks of 7 were obtained by the slow diffusion of n-hexane into a 
CH202 solution at -30°C. Four molecules of 7 were found to co-crystallise with 
unknown solvent(s) in the monoclinic space group P21/n. 
A quadrant of data was collected at ambient temperature. The position of the Ru atom 
was determined by Patterson methods; the remaining non-H atoms in 7 were located 
from difference Fourier maps. Phenyl rings were constrained to be planar, rigid 
hexagons (C—C 1.395A); phenyl H atoms were set in calculated positions (C—H 
1.08A). Several cage H atoms were located from difference maps, but could not be 
successfully refined; those were, therefore, set in calculated positions (B-H 1.1 OA). A 
region of considerable unassigned electron density was found within the asymmetric 
unit. These (presumably solvent) atoms could not be identified, but were modelled as 
nine fractional occupancy C atoms with fixed isotropic thermal parameters (0.05A 2) 
and non-refined co-ordinates. The occupancies of these atoms were determined by 
comparing the height of their electron density peaks with that of a known C atom in 7, 
and fixing at the appropriate value. 
Following isotropic convergence, all non-H atoms in 7 were allowed anisotropic 
thermal vibration; however, one of the phosphine C atoms [C(34)] did not refine with 
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sensible anisotropic thermal parameters, and was ultimately allowed only isotropic 
thermal motion. 
A view of a single molecule of 7 is shown in Figure 3.2 below, along with the atomic 
numbering scheme. Selected geometric parameters are listed in Table 3.1. 
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Table 3.1 Selected Interatomic Distances (A) and Interbond Angles (°) in 7 
Ru -P(1) 2.322(5) B(2)-B(11) 1.80(3) 
Ru - P(2) 2.298( 5) B(3) - B(4) 1.78( 3) 
Ru - Cl 2.391(5) B(3)-C(7) 1.70(3) 
Ru - B(5) 2.405(21) - C(8) 1.70( 3) 
Ru -B(6) 2.410(20) B(4)-B(5) 1.71(3) 
Ru -B(10) 2.329(20) - C(8) 1.75( 3) 
P(1)-C(11) 1.840(13) B(4)-B(9) 1.84(3) 
P(1)-C(21) 1.838(14) B(5)-B(6) 1.77(3) 
P(1)-C(31) 1.831(13) B(5)-B(9) 1.77(3) 
P(2)-C(41) 1.830(13) B(5)-B(10) 1.77(3) 
P(2) -C(51) 1.823(14) B(6) -B(10) 1.79( 3) 
P(2)-C(61) 1.844(12) B(6)-B(11) 1.75(3) 
B(1) - B(2) 1.72( 3) C(7) - C(8) 1.675(24) 
B(1)-B(3) 1.78(3) C(7)-B(11) 1.57(3) 
B(1) - B(4) 1.76( 3) -C(71) 1.509(20) 
B(1) - B(S) 1.75( 3) - B(9) 1.67( 3) 
B(1) - B(6) 1.75( 3) C(8) -C(81) 1.487(22) 
B(2)-B(3) - 	 1.75(3) B(9)-B(10) 1.87(3) 
B(2)-B(6) 1.70(3) B(10)-B(11) 1.85(3) 
B(2)-C(7) 1.74(3) 
P(1)- Ru -P(2) 99.86(17) B(2) - B(3) - C(7) 60.4(11) 
P(1) - Ru - Cl 93.88(17) B(4) - B(3) - C(8) 60.4(11) 
P(1) - Ru - B(5) 148.0( 5) C(7) - B(3) - C(8) 58.9(11) 
P(1)- Ru -B(6) 106.1(5) B(1) - B(4) - B(3) 60.2(12) 
P(1)- Ru -B(10) 111.2(5) B(1)-B(4)-B(5) 60.3(12) 
P(2) - Ru - Cl 93.84(17) B(3) - B(4) - C(8) 57.4(11) 
P(2) - Ru - B(S) 106.2( 5) B(S) - B(4) - B(9) 59.5(12) 
P(2)- Ru -B(6) 146.1(5) C(8) - B(4) - B(9) 55.2(11) 
P(2)- Ru -B(10) 105.9(5) Ru -B(S)-B(6) 68.6(9) 
Cl - Ru - B(S) 102.4( 5) Ru - B(S) -B(10) 65.8( 9) 
Cl - Ru -B(6) 105.5(5) B(1) - B(5) - B(4) 61.3(12) 
Cl - Ru -B(10) 144.2(5) B(1)-B(5)-B(6) 59.9(12) 
IiJ 
B(5)- Ru -B(6) 43.1(7) B(4) - B(5) - B(9) 63.8(12) 
Ru -B(10) 43.9(7) B(6)-B(5)-B(10) 60.7(12) 
Ru -B(10) 44.3(7) B(9)-B(5)-B(1O) 63.8(12) 
Ru -P(1)-C(11) 117.8(5) Ru -B(6)-B(5) 68.3(9) 
Ru -P(1)-C(21) 111.3(5) Ru -B(6)-B(1O) 65.5(9) 
Ru -P(1)-C(31) 116.8(5) B(1)-B(6)-B(2) 59.7(12) 
C(11)-P(1)-C(21) 102.5(6) B(1)-B(6)-B(5) 59.4(12) 
C(11) - P(1) -C(31) 103.0(6) B(2) - B(6) -B(11) 62.9(12) 
C(21)-P(1)-C(31) 103.6(6) B(5)-B(6)-B(10) 59.7(11) 
Ru -P(2)-C(41) 123.3(4) B(10)-B(6)-B(11) 63.2(11) 
Ru -P(2)-C(51) 109.5(5) B(2) - C(7) - B(3) 61.2(11) 
Ru -P(2)-C(61) 116.2(4) B(2)-C(7)-B(11) 65.8(12) 
C(41) - P(2) -C(51) 99.3( 6) - C(7) -C(71) 125.3(13) 
C(41) - P(2) -C(61) 102.0( 6) - C(7) - C(8) 60.4(11) 
C(51) - P(2) -C(61) 103.8(6) B(3) - C(7) -C(71) 119.4(13) 
P(1) -C(l1) -C(12) 118.5(9) C(8) - C(7) -C(71) 115.2(12) 
P(1) -C(11) -C(16) 121.4(9) B(11) - C(7) -C(71) 117.5(13) 
P(1) -C(21) -C(22) 118.9(10) B(3) - C(8) - B(4) 62.2(12) 
P(1) -C(21) -C(26) 121.0(10) B(3) - C(8) - C(7) 60.7(11) 
P(1) -C(31) -C(32) 119.6(9) B(3) - C(8) -C(81) 117.6(14) 
P(1) -C(3 1) -C(36) 120.2( 9) B(4) - C(8) - B(9) 65.0(12) 
P(2) -C(41) -C(42) 120.1(9) B(4) - C(8) -C(81) 123.5(14) 
P(2) -C(41) -C(46) 119.7(9) C(7) - C(8) -C(81) 116.5(13) 
P(2) -C(51) -C(52) 117.8(10) B(9) - C(8) -C(81) 118.2(14) 
P(2) -C(51) -C(56) 122.1(10) B(4) - B(9) - B(5) 56.7(11) 
P(2) -C(61) -C(62) 119.1(9) B(4) - B(9) - C(8) 59.8(11) 
P(2) -C(61) -C(66) 120.9( 9) B(S) - B(9) -B(10) 58.2(11) 
B(2)-B(1)-B(3) 60.1(12) Ru -B(10)-B(5) 70.3(10) 
B(2)-B(1)-B(6) 58.8(12) Ru -B(10)-B(6) 70.3(9) 
B(3)-B(1)-B(4) 60.5(12) B(5)-B(10)-B(6) 59.6(11) 
B(4)-B(1)-B(5) 58.5(12) B(5)-B(10)-B(9) 58.0(11) 
B(5)-B(1)-B(6) 60.7(12) B(6)-B(10)-B(11) 57.4(11) 
B(1) - B(2) - B(3) 61.6(12) B(2) -B(11) - B(6) 57.4(11) 
B(1)-B(2)-B(6) 61.6(12) B(2)-B(11)-C(7) 61.6(11) 
B(3) - B(2) - C(7) 58.4(11) B(6)-B(11)-B(10) 59.4(11) 
B(6) - B(2) -B(1 1) 59.7(11) C(8) -C(81) -C(82) 117.7(12) 
C(7) - B(2) -B(1 1) 52.5(10) C(8) -C(81) -C(86) 122.2(12) 
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B(1)-B(3)-B(2) 	58.3(12) 	C(7) -C(71) -C(72) 	118.3(12) 
- B(3) - B(4) 59.3(12) C(7) -C(71) -C(76) 121.7(12) 
The solid state structure of 7 reveals that neither a closo nor hypercioso cluster has 
been obtained. Instead, the carborane dianion has undergone protonation, and the Ru 
centre retains one chloride; the source of both the proton and the chloride ligand is 
thought to be the solvent C11 202, either through direct solvent attack or (much less 
likely) from residual HC1 in the solvent. Species of this type are not unknown: the 
analogous 7,8-R2 complexes (R = H, Me) have been prepared in excellent yields by 
Chizhevsky 611 and co-workers following the reaction of {RuC1 2(PPh3)3 ] 2 with 
K[7, 8-R2-7, 8-nido-C2B9H10]; the di{Cca geH} complex has been structurally 
characterised and has a similar structure to that observed here for 7. 
The carborane ligand in 7 is rather similar in its overall structure to that determined 
previously for the anion 1 (see Chapter 2). However, the C(7)—C(8) distance, 
1 .675(24)A, is considerably longer than that in the free anion (Ca. I .60A), and very 
much longer than the corresponding distance [1.567(9)A] in the non-Cea ge-substituted 
compound. The two phenyl rings bound to C(7) and C(8) have very low 8 values of 
7.2 and 3.2° respectively, consistent with the observed lengthening of the C(7)—C(8) 
bond; intra- (and perhaps inter-)molecular interactions between the various phenyl 
groups may contribute to both of these effects. 
Exopolyhedral co-ordination of the Ru fragment has had little effect upon the 
geometry of the upper C 2B3 belt of the carborane; it is close to planar, with a slight 
folding about the B(9) ... B(1 1) vector. In contrast, the (normally planar) lower B 5 belt 
is very much more distorted. The 'plane' of these five atoms is folded about 
... B(4) in an 'envelope' conformation such that B(3), B(5) and B(6) all move 
towards the upper face of the carborane. This is most likely a consequence of the 
boron atoms B(5) and B(6) being required to adjust their position in order to satisfy 




of cluster bonding orbitals may be sufficient to cause the above-noted elongation in 
the C(7)-C(8) distance. [It may be of interest to note that here, as in the pseudocloso 
compounds discussed in Chapter 2, this elongation has been accompanied by a similar 
movement in the position of B(3).] 
Figure 3.3 Co-ordination environment around the Ru atom in 7 
The co-ordination geometry about the Ru atom (Figure 3.3) is essentially octahedral, 
with a chloride and two PPh 3 ligands bound to the Ru. The metal itself is co-ordinated 
in an exopolyhedral fashion via three Ru—H—B bridges to B(S), B(6) and B(10). 
Overall, 7 approximates to molecular mirror symmetry, with the Ru-bound Cl ligand 
lying trans to B(10), and the two phosphine ligands trans to notionally symmetry-
equivalent {BH} groups. The boron atom which is trans to chloride is slightly closer 
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to the Ru atom than the two B atoms trans to phosphorus: Rw"B(10) is 2.329(20)A, 
whereas Ru ... B(5) and Ru ... B(6) are 2.405(21) and 2.410(20)A respectively. [These 
compare well with the values determined for the above unsubstituted compound 
which are, respectively, 2.284(6), 2.394(6) and 2.399(6)A.] 
As a consequence of the relatively poor diffiaction quality of the crystals of 7, 
cage-bound H atoms had to be set in calculated positions (i.e., with B—H 1.1 OA); the 
separations between Ru and H(5), H(6) and H( 10) cannot, therefore, be analysed 
reliably. [The determined values of these three distances are broadly similar, being 
2.11, 2.16, 2. 17A respectively.] In the unsubstituted analogue these H atoms were 
located and refined. Here the same Ru—H bond distances are 1.82(5), 1.85(4) and 
1.57(5)A; with corresponding B—H distances of 1.19(5), 1.18(4) and 1.43(5) 
respectively. The relatively hydridic nature of H(10) suggested by these bond 
distances is important with respect to the structure(s) adopted by 7 in solution, 
discussed below. 
N.M.R. Study of 7: Structure in Solution 
The N.M.R. spectra of crystals of 7 do not correspond fully with the solid-state 
structure described above; indeed, they suggest the presence of two species in 
solution. The 31P{ 1H} spectrum, for example, consists of one broad peak 
(corresponding to a symmetric species with equivalent phosphines) and two very 
broad resonances (corresponding to two inequivalent phosphorus environments in an 
asymmetric compound). Likewise, the "B{'H} spectrum has at least 10 resonances, 
some of which are very broad. (A symmetric and an asymmetric cluster of this type 
would be expected to display up to 6 + 9 = 15 "B resonances.) In the hydride region 
of the 'H spectrum, five broad resonances in the ratio 1:2:1:1:1 occur; two of these lie 
to very high field, around -16 p.p.m. 
Similar solution-state behaviour has previously been noted in the 7,8-R 2 (R = H, Me) 
species introduced above. Chizhevsky et al 611 have proposed the mechanism 
illustrated in Figure 3.4 below to account for the observed N.M.R. spectra. It was 
suggested that in solution one of the Ru—H—B bridges is cleaved, with the H atom 
becoming a Ru-bound hydride and simultaneous formation of a new Ru—B a bond to 
the same B atom. The proposal is, therefore, that compounds of the type 7 exist in 
solution as isomeric Ru(IV) species [Figure 3.4 (a) and (c)], with the implication [62] 
that the solid-state structure is an intermediate [Figure 3.4 (b)]. 
This mechanism satisfactorily accounts for the presence of symmetric and asymmetric 
isomers of 7 in solution, and for the observed low-frequency (hydride) resonances in 
the 'H N.M.R. spectrum. However, several features cannot be fully explained by this 
scheme. It fails to account for the observed boron coupling of the strongly hydridic 
resonances: both are enhanced in the 'H{ "B} and the 1H{"Bse1 } 214 difference 
spectra, and the extent of this enhancement is similar to that for H atoms belonging to 
terminal {BH} units. (This implies similarity in B—H couplings which in turn may be 














that every boron resonance has an associated proton resonance or resonances.] 
Moreover, it seems unlikely that a c/s 2JBH coupling would be of comparable 
magnitude to JBH. 
Figure 3.4 Schematic of the mechanism proposed by Chizhevsky et al to 
account for the solution N.M.R. behaviour of 7 
(b) 
This is further supported by the observation that the 11B resonance assigned as B(10) 
in the symmetric structure, upon retention of proton coupling, gives rise to an 
apparent triplet (i.e., a doublet of doublets with overlapping central peaks). This must 
correspond to a B atom bearing both exo and endo H atoms. The' magnitude of the 
JBH(endo) coupling is 9614z, rather larger than in [C2B9H10Ph2f. This is suggestive of a 
change in the bonding around this B atom, and corresponds well with the above-noted 
lengthening of the exopolyhedral B(10)—H(1O) bond which is proposed to give rise 
to the strongly hydridic nature of this exo H atom. 
The proposed mechanism gives rise to other such anomalies. When the implied 
intermediate [Figure 3.4 (b)] is considered, it is seen that (statistically) the three 
solution Ru(IV) species [Figure 3.4 (a) and two enantiomers for (c)] would be 
expected to occur in equal proportions; this is not observed, although energetic 
preference for the symmetric structure might mask this. The intermediate Ru(II) 
species would also require there to be considerable continuous redox activity at the 
metal centre. Even when the presence of such an intermediate in the interconversion 
process is disregarded H atoms are nevertheless simply "hopping" between l.t-(Ru B) 
and Ru—H sites; it is likely that such a process would lead to a single, time-averaged 
species on the room-temperature N.M.R. timescale. 
Finally, the positions of the observed "B resonances are not unusual. It might be 
argued that a boron atom exo-bound directly to a metal atom would resonate at much 
higher chemical shift. Moreover, the presence of the pseudo-octahedral d4 Ru(IV) 
centre might be expected to cause some paramagnetic shifting in resonance positions. 
[It is also surprising that 7 shows no apparent colour change upon dissolution despite 
a proposed 2e oxidation.] 
An alternative mechanism is now proposed by which a symmetric and an asymmetric 
species may be obtained, and which appears to be more consistent with the observed 
N.M.R. spectra. This mechanism, which requires a rotation of the exopolyhedral 
metal fragment around the cage surface, is represented schematically in Figure 3.5. 








For clarity, an alternative plan view of this mechanism is shown below (Figure 3.6). 










PPh3 	 Ph3P 
Essentially, the co-ordination environment of the Ru atom remains the same, except 
that the three Ru—H—B bridges come from different triangular faces of the cage. In 
the symmetric species the structure is the same as in the solid state, with bridges to 
the B(5, 6, 10) face; whereas in the two enantiomeric asymmetric species, the Ru 
fragment is co-ordinated by the B(5, 9, 10) or B(6, 10, 11) faces. The synimetric 
species is converted to one of the asymmetric isomers by simple rotation of the 
{CIRu(PPh3)2 } fragment through either 60° or 1800  as it migrates to an adjacent B 3 
face. The 60° rotation may be ruled out as this keeps the {BH 2 } vertex trans to 
chloride; whereas the selective decoupling experiments show this to be trans to 
phosphorus. In both the symmetric and asymmetric structures, the strongly hydridic H 
atom is trans to the chloride. We believe the mechanism proposed here to be fully 
consistent with all the N.M.R. spectroscopic data. 
In this system it is proposed that the hydridic nature of the unique H atom arises from 
a change in the "normal" bonding around the corresponding boron atom. It was noted 
above that the endo H atom bound to B(10) in the symmetric isomer displays an 
unusually large coupling constant; this implies an increase in s-orbital contribution to 
this B—H bond, and therefore a change in the way the exo H atom is bound. As 
already indicated, this is reflected in the B—H distances for this atom. In the anion 
[C2B9H121 - , 39' BHendo is 1.15(3)A, and B—H 0 is 1.10(3)A; whereas the 
corresponding distances in the 7,8-H 2 analogue of 7 are 1 .02(5)A and 1 .43(5)A. 
Clearly this mechanism is speculative. A great deal of further work (some of which is 
suggested later) may be necessary to definitively establish the nature of compounds 
such as 7 in solution. 
As indicated earlier, the presence of an "additional" HCl in the complex 7 is thought 
to have come from the solvent CH 2C12 employed in the reaction. In an attempt to 
eliminate the possibility of H abstraction from the reaction solvent, the reaction was 
repeated in acetonitrile. 
Reaction Between I(PPh3)3RuC121 2 and T12 [7,8-Ph2-7,8-nido-C2B9H9J 
in MeCN. Formation and Crystal Structure of 81 2 . 
The reaction which yielded 7, when repeated in MeCN, proceeds vely differently. The 
product so obtained was isolated by preparative t.l.c., and identified by an X-ray 
diffraction study to be the ionic species [(MeCN) 2(PPh3)2Ru(p.-Cl)] 2 [7,8-Ph2-7,8-
nido-C 2B9H10 ] 2, 8(1)2. 
Orange crystals of 8(1)2 as the acetone solvate were obtained by slow diffusion of 
Et20 into an acetone solution of the salt. Eight molecules of acetone co-crystallise 
with four formula units of the salt 8(1)2 in the monoclinic space group C21c with no 
close intermolecular or interion contacts. 
One quadrant of data was collected at low temperature, and the structure solved by 
the Patterson method for the Ru atom. The remaining non-H atoms were located from 
difference Fourier syntheses. Phenyl rings were constrained to be planar, rigid 
hexagons with C—C 1 .395A; phenyl and methyl H atoms were added in idealised 
positions with C—H 1 .08A. Cage exo H atoms were set in idealised positions (B—H 
1.1 OA); the endo H atom was placed in a fixed, calculated position. All H atoms were 
assigned a fixed thermal parameter of 0.05A2.  Following isotropic convergence, an 
absorption correction was applied, and all non-H atoms were allowed anisotropic 
thermal refinement. The carborane anion 1 was found to suffer similar disorder to that 
seen previously in BMTAI (see Chapter 2), i.e., with a partial boron atom "capping" 
the open face. 
A molecule of acetone solvate was located from difference Fourier maps. This 
appeared to show no disorder, and was refined with H atoms in calculated positions. 
The methyl C atoms were allowed positional refinement, and all four non-H atoms 
were successftilly refined anisotropically. 
HE 
One half of the diruthenium dication 8 •occurs per asymmetric unit, with the two 
bridging Cl atoms lying on a C2 axis. A perspective view of 8 is shown in Figure 3.7, 
along with an indication of the atomic numbering scheme. Selected geometric 
parameters for 8 and the solvate molecule are listed in Table 3.2. The atom Ru(a) is 
generated from Ru by 1-x, y, V2-z. 
;,J1 
Figure 3.7 View of the Dication 8 in 8.(1) 2 Me2CO 
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Table 3.2 Selected Interatomic Distances (A) and Interbond Angles (°) for 8 and 
the Solvate in 8-(1) 2 Me2CO 
Ru -C1(1) 2.4476(17) 
Ru -C1(2) 2.4488(17) 
Ru -P(1) 2.3267(23) 
Ru -P(2) 2.3377(23) 
Ru -N(1) 1.993(7) 
Ru - N(2) 1.996( 7)  
P(l) -C(11) 1.822(5) 
P(1) -C(21) 1.858( 6) 
-C(31) 1.854( 5) 
-C(41) 1.837( 5) 
C1(1) - Ru -C1(2) 
C1(1)- Ru  
C1(1)- Ru  
C1(1)- Ru  
C1(1)- Ru  
C1(2)- Ru  
C1(2) - Ru - P(2) 
C1(2)- Ru -N(1) 
C1(2) - Ru - N(2) 
P(1)- Ru  
P(1)- Ru -N(1) 
P(1)- Ru -N(2) 
P(2)- Ru -N(1) 
P(2) - Ru - N(2) 
N(1)- Ru -N(2) 
Ru -C1(1) -Ru(a) 










Ru - P(2) -C(61) 
C(41) - P(2) -C(51) 
C(41) - P(2) -C(61) 
C(51) - P(2) -C(61) 
Ru -N(1)-C(3) 
Ru -N(2)-C(4) 
- C(3) - C(5) 
- C(4) - C(6) 
P(1)-C(11)-C(12) 
P(1) -C(11) -C(16) 
P(1) -C(21) -C(22) 
P(1) -C(21) -C(26) 
P(1) -C(31) -C(32) 
-C(31) -C(36) 
-C(41) -C(42) 
P(2) -C(41) -C(46) 













































Ru -P(1)-C(11) 120.80(18) P(2) -C(51) -C(56) 118.0(4) 
Ru - P(1) -C(21) 110.74(19) P(2) -C(61) -C(62) 120.2( 4) 
Ru -P(1)-C(31) 112.85(18) P(2) -C(61) -C(66) 119.8(4) 
C(1 1) - P(1) -C(21) 98.43(24) 
C(11) - P(1) -C(31) 106.52(24) 0(1) -C(xl) -C(x2) 126.1(7) 
C(21) - P(1) -C(31) 105.72(25) 0(1) -C(xl) -C(x3) 119.5(7) 
Ru - P(2) -C(41) 112.91(18) C(x2) -C(xl) -C(x3) 114.4(10) 
Ru -P(2)-C(51) 110.39(19) 
A representation of 8 with the phenyl rings omitted for clarity is shown in Figure 3.8 
below. 
Figure 3.8 View of the Ruthenium Environment in 8 
P(2) 
P( 
Each Ru atom is seen to have an essentially regular octahedral environment, with two 
mutually trans MeCN ligands and two cis PPh3 ligands each lying trans to one of the 
two (also mutually cis) bridging chlorides. While both MeCN molecules are 
themselves close to linear, one of them [i.e., that bound through N( 1)] is slightly bent 
at the point of co-ordination, with Ru-N(1)-C(3) 171.6(7)°. The Cl bridges are 
essentially symmetrical and the two Ru atoms are separated by a non-bonding distance 
of 3.735(1)A. 
A view of the counteranion 1 is shown in Figure 3.9 below, along with its atomic 
numbering scheme. Selected geometric parameters for 1 are listed in Table 3.3. 
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Figure 3.9 View of the Anion 1 in 8(1) 2 Me2CO 





Table 3.3 Selected Interatomic Distances (A) and Interbond Angles (°) for the 
Anion 1 in 8(1)2 Me2CO 
B(1)-B(2) 1.781(15) B(4)-B(9) 1.845(16) 
B(1)-B(3) 1.739(18) B(5)-B(6) 1.838(15) 
- B(4) 1.742(15) B(S) - B(9) 1.778(15) 
B(1)-B(5) 1.776(15) B(5)-B(10) 1.788(15) 
B(1)-B(6) 1.776(15) B(6)-13(10) 1.776(15) 
-B(3) 1.784(18) B(6) -B(11) 1.719(15) 
B(2)-B(6) 1.719(15) C(7)-C(8) 1.603(11) 
B(2)-C(7) 1.714(13) C(7)-B(11) 1.657(14) 
B(2)-B(11) 1.777(15) C(7)-C(111) 1.493(10) 
- B(4) 1.708(19) C(8) - B(9) 1.648(14) 
B(3) - C(7) 1.753(17) C(8) -C(211) 1.507(10) 
B(3) - C(8) 1.759(17) B(9) -13(10) 1.805(15) 
B(4)-B(5) 1.773(15) B(10)-B(11) 1.804(15) 
B(4)-C(8) 1.712(13) 
B(2) -B(1) -B(3) 60.9(7) B(2) - C(7) -B(11) 63.6(6) 
B(2) - B(1) - B(6) 57.8(6) B(2) - C(7) -C(111) 121.0(6) 
B(3) - B(1) - B(4) 58.7( 7) - C(7) - C(8) 63.0( 6) 
- B(1) - B(S) 60.5( 6) B(3) - C(7) -C(1 11) 117.2(7)  
B(S) - B(1) - B(6) 62.3( 6) C(8) - C(7) -B(1 1) 110.8(7)  
B(1) - B(2) - B(3) 58.4( 7) C(8) - C(7) -C(1 11) 117.6(6)  
B(1) - B(2) - B(6) 61.0(6) B(11)-C(7)-C(111) 120.3(7) 
B(3) - B(2) - C(7) 60.1(6) B(3) - C(8) - B(4) 58.9(7) 
B(6) - B(2) -B(11) 58.9(6) B(3) - C(8) - C(7) 62.7(6) 
C(7) - B(2) -B(1 1) 56.6( 5) B(3) - C(8) -C(21 1) 116.2(7) 
B(1) - B(3) - B(2) 60.7( 7) B(4) - C(8) - B(9) 66.6( 6) 
B(1) - B(3) - B(4) 60.7( 7) B(4) - C(8) -C(21 1) 122.3( 6) 
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B(2) - B(3) - C(7) 58.0(6) C(7) - C(8) - B(9) 113.0(7)  
B(4) - B(3) - C(8) 59.1(7) C(7) - C(8) -C(211) 115.0(6) 
C(7) - B(3) - C(8) 54.3( 6) B(9) - C(8) -C(21 1) 120.7( 7) 
B(1) - B(4) - B(3) 60.5(7) B(4) - B(9) -B(5) 58.6(6) 
B(1) - B(4) - B(S) 60.7(6) B(4) - B(9) - C(8) 58.3(6) 
B(3) - B(4) - C(8) 61.9( 7) B(S) - B(9) -B(10) 59.9( 6) 
B(S) - B(4) - B(9) 58.8( 6) C(8) - B(9) -B(10) 105.8( 7) 
C(8) - B(4) - B(9) 55.0( 5) B(S) -B(10) - B(6) 62.1( 6) 
B(1) -B(S) - B(4) 58.8(6) B(S) -B(10) - B(9) 59.3(6) 
B(1) -B(S) - B(6) 58.8(6) B(6) -B(10) -B(11) 57.4(6) 
B(4) - B(S) - B(9) 62.6(6) B(9) -B(10) -B(11) 103.6(7) 
B(6) - B(S) -B(10) 58.6(6) B(2) -B(1 1) - B(6) 58.9( 6) 
B(9) - B(S) -B(10) 60.8( 6) B(2) -B(1 1) - C(7) 59.8( 6) 
B(1)-B(6)-B(2) 61.3(6) B(6)-B(11)-B(10) 60.5(6) 
B(1)-B(6)-B(S) 58.8(6) C(7)-B(11)-B(10) 106.7(7) 
B(2) - B(6) -B(1 1) 62.3( 6) C(7) -C(1 1 1)-C(1 12) 118.2( 5) 
B(S) - B(6) -B(10) 59.3(6) C(7) -C(111)-C(116) 121.8(5) 
B(10) - B(6) -B(11) 62.1(6) C(8) -C(211)-C(212) 117.9(5) 
B(2) - C(7) - B(3) 61.9(7) C(8) -C(211)-C(216) 122.0(5) 
The geometry of the anion 1 in this determination is very similar to that observed 
previously: the C(7)-C(8) distance is 1.603(1 1)A, and the two phenyl rings have 8 
values of 10.00  [ring C(1 11) to C(1 16)] and 10.2° [ring C(21 1) to C(216)]. The lower 
B 5 pentagonal belt of the cage is essentially planar, and the upper C 2B3 belt is very 
slightly folded about B(9) B( 11). 
Discussion 
Given that the less crowded complex [1,2-Me2-3-(Cl)-3-(H)-3,3..(pph3)2..3,1,2...C1OSO.. 
RuC2B9H9] cannot be formed 631  by thermolysis of the corresponding exo-nido 
7,8-Me2  analogue of 7, it is perhaps not surprising that the "target" hypercioso 
compound could not be formed. It is conceivable that the notional "initial 
complexation" of the {(PPh3)2Ru} fragment by the diphenylcarboranyl ligand is 
overwhelmingly disfavoured sterically so that, although the Ccage-separated hypercioso 
product would be less crowded, this species cannot be accessed. The latter cluster 
may even be too congested to form. 
Consideration of the geometry of the {(Cl)(PPh 3)2Ru} moiety (the {(PPh 3)2Ru} 
fragment will be similar) adds weight to this. A space-filling diagram of this unit is 
shown in Figure 3.10 with, for comparison, two less demanding Ru and Rh fragments 
(Figure 3.11). It can be seen that the cyclic it-hydrocarbon ligands do not extend 
below the "equator" of the metal atom. In contrast, the phenyl groups in the chloro-
bis(phosphine)ruthenium fragment extend considerably below the Ru atom and 
would, therefore, come into opposition with the facial atoms of the cage, and their 
associated H atoms or phenyl substituents. It is almost certainly the greater steric 
demand of this phosphine-ruthenium fragment which inhibits formation of the desired 
products. It may be of interest to note that in Hawthorne's hypercloso-10-vertex 
(Ph3P)2RuC2B7H7R2 system 481, the most sterically demanding cage has R=Me. 
9111 
Figure 3.10 Space Filling Diagram of the {CI(PPh 3)2Ru} Fragment 
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Conclusions and Further work 
Two attempts to prepare a hypercioso carbaruthenaborane have been described. 
Although the target species was not isolated, two new compounds have been 
prepared. These are: an exo-nido ruthenium-carborane complex which displays 
unusual behaviour in solution; and a salt consisting of a novel diruthenium dication, 
whose counterions are two nido-diphenylcarborane anions. Both of these new 
compounds have been characterised using single crystal X-ray diffraction studies. 
Clearly, the detailed behaviour of 7 in solution requires further study. In order that full 
assignment of the observed spectra may be made, higher resolution one-dimensional 
N.M.R. spectra, and two-dimensional correlation (COSY) spectra would be useful. 
Solid-state 1H and "B N.M.R. spectra would also be of interest for comparison with 
those obtained from the solution state. A previous attempt to obtain an 
"Bt 1H}-"B{ 1H} COSY spectrum was unsuccessful, but this spectrum and the 
corresponding 'H{"B}-'H{"B} and 11B-'H spectra would be of considerable use. 
The analogous total correlation (TOCSY) 64' spectra would provide useful 
information in definitively establishing which resonances originate from which solution 
isomer. In relation to this whole system, the preparation and detailed N.M.R. studies 
of analogues of 7 which contain a range of phosphines (smaller, larger & chelating), 
and other carborane ligands, may shed further light on the solution interconversion 
processes. 
It would be valuable to obtain a range of structure determinations on analogues of 7, 
so that variations in the exo-polyhedral distances may be studied. The origin of the 
anomalously long B(10) ... H(10) distance (and the strength of this bond) should be 
investigated by MO calculations. 
UV/visible spectroscopy and electrochemical studies may be employed to establish the 
formal oxidation state of the Ru centre in 7 in solution. 
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As already mentioned, the di-{C ge-Me} analogue of 7 does not undergo (presumably 
on grounds of sterics) an exo - closo transformation on heating. Similar treatment of 
7 should be attempted: a closo, rearranged species might form under the combined 
influence of thermolysis and severe overcrowding. 
A crucial series of experiments must be the analogous reactions to those by which 
Hawthorne et a! prepared 1 0-vertex hyperc/oso-L 2RuC2B7117R2 clusters, namely, 
reaction between Na 1 or K 1 (and the salts of less-demanding carborane ligands) 
with [RuHC1(PPh3)3]. An alternative route 65' may also be the reductive elimination of 
H2 or HCl from the complexes [1,2-R 2-3,3-(H)2-3,3-(PPh3)2-3,1,2-closo-RuC 2B9H9] 
or [1 ,2-R2-3 -(Cl)-3 -(H)-3 , 3 -(PPh 3 )2-3, 1 ,2-closo-RuC 2B9H9] respectively. It would be 
essential here, too, to consider such reactions using smaller cone angle 661 phosphines. 
This may be necessary to overcome any steric barriers to the formation of the 
Chapter's original target species. 
Further evidence for the influence of increasing congestion in carbametallaboranes is 
presented in Chapter 4. Here the effect of thermolysis of 4 is compared with similar 
treatment of less crowded analogues. Initially, it had been thought that this might 
effect a thermal conversion of 4 to a hypercioso cluster. 
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Chapter 4 
Thermolysis of Selected Carbaruthenaboranes 
Introduction 
1 [ his Chapter presents the synthesis and characterisation of two new closo (p-cym)Ru-carborane complexes, and the results of the thermolysis of these 
and the related pseudocloso compound 4. 
The complexes 3-p-cym)-1-R-3,1,2-c/oso-RuC2B9Hio (R = H, 9; R = Ph, 10) are 
obtained by the reaction of [(p-cym)RuC1 2]2 and the appropriate T1 2[7-R-7,8-nido-
C2B9H10] salt. Both were fully characterised spectroscopically and shown to have the 
expected closo geometry. The unit cell parameters and space group of crystals of 10 
are also reported. 
Solutions of these compounds are unaffected by prolonged thermolysis at 110°C. In 
contrast, a solution of 4 [3-(p-cym)-1,2-Ph2-3,1,2-pseudoc/oso-RuC 2B9H9] is 
unchanged on heating (18 hours) to 65°C, but undergoes a moderately high-yield 
thermal rearrangement at 110°C within a few hours. The resulting compound was 
characterised spectroscopically, and shown by a single crystal X-ray diffiaction study 
to be 3 -(p-cym)- 1,11 -Ph 2-3,1,11 -closo-RuC2B9119, 11. 
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Synthesis and Characterisation of the Complexes 3-(p-cym)-1-R-
3,1,2-c1oso-RuC2B9H10: R = H, 9; R = Ph, 10. Crystal Data for 10 
Compounds 9 and 10 were prepared by procedures similar to those used in the 
synthesis of the analogues 3 - 6, and were obtained in similar, modest yields. Reaction 
between the appropriate Tl 2[7-R-7,8-nido-C2B9H10] salt and [(p-cym)RuC1 2] 2 in 
CH202 afforded orange product solutions which were isolated from T1C1 by filtration, 
concentrated and then purified by preparative t.l.c. The resulting solids were 
recrystallised (CH 2C12/hexane, -3 0°C) to give yellow crystals of 3-(p-cym)- 1 -R-
3, 1,2-closo-RuC 2B9H,0 (R = H, 9; R = Ph, 10). Both compounds were fully 
characterised spectroscopically. The 1H N.M.R. spectra of 9 and 10 were consistent 
with the anticipated structures. Likewise the symmetry of the 11B N.M.R. spectra 
were as expected: compound 9 gave resonances in the ratio 1:1:1:2:2:2, consistent 
with C molecular symmetry; while 10 showed nine resonances of single integral (two 
pairs overlap), in keeping with the absence of molecular symmetry. The "B N.M.R. 
spectra confirmed the closo geometries of 9 and 10. 
The unit cell and space group of crystals of 10 were determined. Four molecules of 
compound 10 crystallise in the monoclinic space group P211c. It is likely that 10 has a 
solid state structure similar to that determined previously for 3-(C 6H3Me3-1,3,5)-1-
Ph-3, 1 ,2-closo-RuC 2B9H,0 .t351 
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Thermolysis of 4, 9 and 10. Formation and Characterisation of 
3-(p-cym)- 1,1 1-Ph2-3, 1,1 1-closo-RuC 2B9H9, 11 
When a small sample of 3-(p-cym)-1 ,2-Ph2-3,1,2pseudoc/osoRuC 2B9H9 4, was 
heated to 65°C in toluene solution for 18 hours, no change was found to have 
occurred by ' 1B{ 1H} N.M.R. analysis. On raising the temperature to reflux (110°C) 
for two hours, a colour change from orange to yellow was observed, and the presence 
of a new metal-containing species was suggested by spot t.l.c. An ' 1B{'H) N.M.R. 
spectrum of the reaction mixture showed the presence of small quantities of 4, a 
decomposition product - thought to be [7,8-Ph2-7,8-nido-C2B9H10]- - and a new 
species. The latter was isolated by preparative t.l.c. and recrystallised (CH 202/hexane, 
-30°C) to give yellow crystals of 3 -(p-cym)- 1,11 -Ph 2-3, 1,11 -closo-RuC2B9H9, 11, 
which was identified by a single crystal X-ray diffraction study (see below). The 
11B{ 1H} N.M.R. spectrum of 11 shows nine separate resonances (two partially 
overlap), which is consistent with the absence of molecular symmetry in the product. 
[The ratio of the 1,1 1-Ph2 to the 1,2-Ph2  species was increased by prolonged heating 
at 110°C. A 100% conversion was never achieved.] 
Samples of the less crowded ruthenium complexes 9 and 10 were heated to 110°C in 
toluene for 9 days. Monitoring by 11B{ 1H} N.M.R. spectroscopy showed that the two 
compounds were unaffected by this thermolysis, and were recovered unchanged 
afterwards. 
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Crystal Structure of 11 
Diffraction quality yellow crystals of compound 11 were obtained by the slow 
diffusion of n-hexane into a CH 202 solution at -30°C. 
A quadrant of data was collected at ambient temperature and the structure solved 
without difficulty by Patterson methods (Ru atom); the, remaining non-H atoms were 
located from difference Fourier maps. The structure was refined with the phenyl rings 
constrained to be planar, rigid hexagons, and with all H atoms in the phenyl and p-
cymene groups set in idealised positions. Cage-bound H atoms were allowed 
positional refinement. An empirical absorption correction was applied following 
isotropic convergence, and all non-H atoms were allowed final anisotropic refinement. 
A (refined) group thermal parameter was assigned to all H atoms. 
Four molecules of compound 11 crystallise in the monoclinic space group P211n with 
no close intermolecular approaches. A perspective view of a single molecule of 11 is 
shown in Figure 4.1 below, accompanied by the atomic numbering scheme. Selected 
geometric parameters are listed in Table 4.1. 
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Figure 4.1 View of 3-(p-cym)-1, 1 1-Ph 2-3,1, 1 1-closo-RuC2B9H9, 11 
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Table 4.1 Selected Interatomic Distances (A) and Interbond Angles (°) in 
Compound 11 
C(1) - B(2) 1.745( 4) B(5) -13(10) 1.738( 5) 
C(1)-Ru(3) 2.170(3) B(6)-13(10) 1.765(5) 
C(1)-B(4) 1.756(5) B(6)-C(11) 1.704(5) 
C(1) - B(5) 1.731( 5) B(7) - B(8) 1.800( 5) 
C(1) - B(6) 1.713(5) -C(11) 1.752(5) 
C(1)-C(101) 1.516(4) B(7)-B(12) 1.774(5) 
B(2) -Ru(3) 2.143( 3) - B(9) 1.800( 5) 
B(2) - B(6) 1.788( 5) B(8) -B(12) 1.795( 5) 
B(2) - B(7) 1.842( 5) B(9) -13(10) 1.750( 5) 
B(2) -C(11) 1.724(5) B(9) -B(12) 1.782(6) 
Ru(3)-B(4) 2.181(4) B(10)-C(11) 1.730(5) 
Ru(3) -B(7) 2.185(4) B(10) -B(12) 1.769(5) 
Ru(3) - B(8) 2.208(4) C(11) -B(12) 1.722(5) 
Ru(3) -C(32) 2.209( 3) C(1 1) -C(11 1) 1.521( 4) 
Ru(3) -C(33) 2.231(4) C(32) -C(33) 1.405( 5) 
Ru(3) -C(34) 2.288(3) -C(31) 1.411(5) 
Ru(3) -C(35) 2.240( 4) -C(34) 1.409( 5) 
Ru(3) -C(36) 2.232( 4) -C(35) 1.420( 5) 
Ru(3) -C(31) 2.246(3) C(34) -C(341) 1.511(5) 
B(4) - B(S) 1.790( 5) -C(36) 1.410( 5) 
B(4) -B(8) 1.811(5) -C(31) 1.408(5) 
B(4) - B(9) 1.778(5) C(31) -C(311) 1.503(5) 
B(S) - B(6) 1.766( 5) C(341)-C(342) 1.516( 6) 
B(S) - B(9) 1.752( 5) C(341)-C(343) 1.531( 7) 
B(2)-C(1)-Ru(3) 65.32(15) Ru(3) - B(8) - B(7) 65.15(17) 
B(2)- C(1)- B(6) 62.26(19) B(4)-B(8)- B(9) 59.01(21) 
B(2) - C(1) -C(101) 121.04(23) B(7) - B(8) -B(12) 59.15(21) 
109 
Ru(3) - C(1) - B(4) 66.50(15) B(9) - B(8) -B(12) 59.43(22) 
Ru(3) - C(1) -C(101) 113.57(18) B(4) - B(9) - B(5) 60.92(21) 
B(4) - C(1) - B(S) 61.74(20) B(4) - B(9) - B(8) 60.80(21) 
B(4) - C(1) -C(101) 121.92(23) B(S) - B(9) -B(10) 59.53(22) 
B(5) - C(1) - B(6) 61.70(20) B(8) - B(9) -B(12) 60.16(22) 
B(5)-C(1)-C(101) 114.13(23) B(10)-B(9)-B(12) 60.12(22) 
B(6) - C(1) -C(101) 113.59(23) B(5) -B(10) - B(6) 60.55(21) 
C(1) - B(2) -Ru(3) 66.97(15) B(S) -B(10) - B(9) 60.29(22) 
C(1) - B(2) - B(6) 58.01(19) B(6) -B(10) -C(1 1) 58.37(20) 
Ru(3) - B(2) - B(7) 66.01(16) B(9) -B(10) -B(12) 60.85(22) 
B(6) - B(2) -C(1 1) 58.03(19) C(1 1) -B(10) -B(12) 58.95(20) 
B(7) - B(2) -C(1 1) 58.74(19) B(2) -C(1 1) - B(6) 62.84(20) 
C(1) -Ru(3) - B(2) 47.71(12) B(2) -C(11) - B(7) 63.97(20) 
C(1) -Ru(3) -B(4) 47.61(12) B(2) -C(11) -C(111) 116.98(23) 
B(2) -Ru(3) - B(7) 50.36(13) B(6) -C(1 1) -B(10) 61.85(20) 
B(4) -Ru(3) - B(8) 48.73(14) B(6) -C(1 1) -C(1 11) 116.85(23) 
B(7) -Ru(3) -B(8) 48.37(14) B(7)-C(11)-B(12) 61.42(20) 
C(32) -Ru(3) -C(33) 36.89(13) B(7) -C(1 1) -C(1 11) 118.39(23) 
C(32) -Ru(3) -C(31) 36.93(12) B(10) -C(11) -B(12) 61.67(21) 
C(33) -Ru(3) -C(34) 36.3 1(12) B(10) -C(1 1) -C(111) 119.15(24) 
-Ru(3) -C(35) 36.54(13) B(12) -C(11) -C(111) 120.03(24) 
-Ru(3) -C(36) 36.77(13) B(7) -B(12) - B(8) 60.54(21) 
C(36) -Ru(3) -C(31) 36.65(13) B(7) -B(12) -C(11) 60.12(20) 
C(1) - B(4) -Ru(3) 65.89(15) B(8) -B(12) - B(9) 60.41(22) 
C(1) - B(4) - B(5) 58.45(19) B(9) -B(12) -B(10) 59.03(22) 
Ru(3) - B(4) - B(8) 66.42(17) B(10) -B(12) -C(1 1) 59.38(20) 
B(5) - B(4) - B(9) 58.80(21) C(1) -C(101)-C(102) 120.14(21) 
B(8) - B(4) - B(9) 60.19(21) C(1) -C(101)-C(106) 119.85(21) 
C(1)-B(5)-B(4) 59.81(19) C(11)-C(111)-C(112) 119.77(21) 
C(1)-B(5)-B(6) 58.64(19) C(11)-C(111)-C(116) 120.22(21) 
B(4) - B(5) - B(9) 60.28(21) C(33) -C(32) -C(31) 121.8(3) 
110 
B(6) - B(S) -B(10) 60.48(21) C(32) -C(33) -C(34) 121.5( 3) 
B(9) - B(S) -B(10) 60.18(22) C(33) -C(34) -C(35) 116.4(3)  
C(1) - B(6) - B(2) 59.73(19) -C(34) -C(341) 123.8( 3) 
C(1) - B(6) - B(5) 59.66(19) -C(34) -C(341) 119.8(3) 
B(2) - B(6) -C(11) 59.12(19) C(34) -C(35) -C(36) 122.3(3) 
B(5) - B(6) -B(10) 58.97(21) C(35) -C(36) -C(31) 120.6(3) 
B(10) - B(6) -C(11) 59.78(20) C(32) -C(31) -C(36) 117.4(3) 
B(2) - B(7) -Ru(3) 63.64(16) C(32) -C(31) -C(311) 120.9(3) 
B(2) - B(7) -C(11) 57.29(18) C(36) -C(31) -C(311) 121.6(3) 
Ru(3) - B(7) - B(8) 66.48(17) -C(341)-C(342) 114.7(3)  
B(8) - B(7) -B(12) 60.3 1(21) C(34) -C(341)-C(343) 108.2(3) 
C(1 1) - B(7) -B(12) 58.46(20) C(342)-C(341)-C(343) 110.9(4)  
Ru(3) - B(8) - B(4) 64.85(17) 
This structure determination of compound 11 identifies the product of thermolysis of 
4, and shows the cluster to have undergone a Ccage-separation rearrangement, the 
RuC2 heteroatoms having moved from a 3,1,2- to a 3,1,11 - arrangement. [By 
convention 11 should be known as 2-(p-cym)-1,8-Ph 2-2,1,8-closo-RuC 2B9H9 ; 
however, we have chosen to adopt the alternative 3,1,11- numbering scheme to 
demonstrate the relationship between the two isomers.] 
The heteroborane polyhedron has a fully closo geometry, and shows no distortions of 
the kind seen in the precursor pseudocloso compound 4. The Ru atom lies 
approximately over the centre of the ligating face, and both of the CB 4 'belts' of the 
carborane ligand are very close to planar. The phenyl ring bound to C(1) is able to lie 
flat (i.e., with a "8" value close to 90 0), and the p-cym ligand suffers no major 
interaction with either of the cage-bound phenyl groups. The plane of the arene ring is 
slightly inclined (around 40) with respect to the belts of the cage, with the isopropyl 









Polyhedral rearrangements are well known in carbametallaboranes. 16791 In general 
these occur at considerably elevated temperatures (ca. 400-700°C) in the absence of 
Ceage substitution. The introduction of substituents at the cage carbon atoms have been 
shown to lower isomerisation thresholds. The pseudocloso cluster 4 is rather more 
sterically crowded than either 9 or 10, consistent with the observation that 4 
isomerises while the other two do not. 
Figure 4.2 Isomerisation of 3,3-(Me 2PhP)2-1-Ph-3,1,2-PtC2B9H1 0 
r 
Me2PhP /P Me2Ph 
Pt 
This effect parallels the facile rearrangements observed in the platinum complexes 
3,3-(Me2PhP)2-1-Ph-2-R-3, 1,2-PtC 2B9H9 (R = H, Ph). 681 These undergo 
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isomerisation at 55°C and below room temperature respectively to yield the 
corresponding 3,1,11 -PtC 2B9H9 species, which have similar cage structures to 11. 
This is illustrated for the compounds where R = H in Figure 4.2 above. 
The ease of rearrangement of the compounds 4, 9 and 10 may be compared 
(Table 4.2) with the formally isoelectronic Rh and Jr complexes 3,3-(Ph 3P)2-3-H-1-R-
2-R'-3,1,2-MC 2B9H9 (M = Rh, Jr. R, R' = H, Me, ph).[67(a)69]  This is thrther 
consistent with earlier observations (Chapter 3) that bis(phosphine)-metal fragments 
are vastly more sterically demanding than arene-ruthenium fragments. 
Table 4.2 Comparison of Isomerisation Temperature T/°C in 3-(p-cym)- 
1-R-2-R'-3, 1 ,2-closo-RuC 2B9H9 and 3,3-(Ph3P)2-3-H- 1-R-2-R'-3, 1 ,2-MC 2B9H9 
(M = Rh, Ir) 
R 	R' I 	T, {(p-cym)Ru} 	Ti, {(Ph3P)2(H)M} 
H 	H 
	
>110 	 >110 
Ph 	H 
	
>110 	 :!~ 110 
Ph 	Ph 	 :!~ 110 	 exo* 
* 
- exopolyhedral vertex extrusion 
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Conclusions and Further Work 
These experiments were initially performed in order to test whether a pseudocloso 
cluster would rearrange as would a normal closo complex, or whether the cage could 
be forced further along the path from closo to hypercioso. In practice, thermolysis of 
3-(p-cym)-1,2-Ph 2-3,1,2-pseudocloso-RuC 2B9H9 at 110°C readily yields the isomeric 
species 3-(p-cym)-1, 1 1-Ph 2-3, 1,1 1-c1oso-RuC 2B9H9 . 
With hindsight, this was perhaps to be expected given that a formal loss of two 
electrons is believed to be required for conversion to the corresponding hypercioso 
compound. Indeed it may be that increasing steric congestion will never be sufficient 
by itself to generate a hypercioso cluster geometry. It has already been noted 
(Chapter 2) that, in pseudocloso complexes, a fraction of the cluster electron density 
may be accommodated at the metal-bound arenes. A possible strategy might be to 
employ a combination of both steric and electronic influences in compounds of the 
general type 3 -(i6-arene)-  1 ,2-Ph2-3, 1 ,2-RuC2B9H9, where the arene contains 
electron-withdrawing groups such as fluoro or perfluoroalkyllaiyl substituents; 
suitable arenes would be C 6F6, C6H3(CF3)3-1,3,5 or C6H3(C6F5)3-1,3,5. 
An intriguing experiment must be the thermolysis of a (sterically crowded) hypercloso 
compound. This might result in either a conventional C ge separation process, or a 
move to the corresponding (isoelectronic) capped closo structure. A more exotic 
product might shed some light upon rearrangement processes in general. 
Finally, the thermolysis of the methylphenylcarborane derivative 6 must be performed, 
given the structural intermediacy of this compound between 4 and 10. The 
previously-noted CcageCcage elongation in 6 suggests that only moderate heating 
(perhaps <200°C) might be sufficient to effect isomerisation. 
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Chapter 5 
Copper Complexes of Diphenylcarborane 
Introduction 
r] F his chapter describes the formation of crowded copper carboranes. Although a single (Cu(PR3)) could not be attached - almost certainly on steric grounds 
- products containing two {Cu(PR3)} units have been prepared in good yield. 
Treatment of [(PPh 3)CuBr] 4 with T12[7,8-Ph2-7,8-nido-C2B9H9] (in a 
{Cu}: {carborane} ratio of 2:1) affords the species [exo-8,9,12-
{ (j.t,s-H)3Cu(PPh3) } -3 -(PPh)- 1 ,2-Ph2-3, 1 ,2-closo-CuC2B 9H], 12. This product 
was structurally identified by X-ray difiIaction and was the subject of extensive 
multinuclear N.M.R. studies. It is considerably distorted from the overall geometry 
observed in less congested analogues: in particular, a substantially increased "slip" 
parameter is found. The related, and presumably more crowded, complex [exo-8,9,12-
{ (tcui-H)3Cu(PCy3) } -3 -(PCy 3)- 1 ,2-Ph2-3, 1 ,2-closo-CuC2B 9H4 13, was prepared 
similarly. The unit cell parameters for this compound were established. 
Both these compounds undergo a dynamic process in solution which renders the two 
phosphines equivalent at ambient temperature. A mechanism is proposed to account 
for this behaviour. 
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Copper(I) Carborane Complexes 
Previous work by Welch et at has encompassed the reaction of the nido-icosahedral 
ligand derived from diphenylcarborane with the following metal fragments: 
(ML), one orbital donor, e.g., {MIL} = {Hg(PPh3)}, Fig 5. 1(a) 70' 
{MIL}, two orbital donor, e.g., {ML2 } = { Pt(1,5-cyclooctadiene)}, Fig 5.1(b) 71 








Figure 5.1 Examples of metal complexes of diphenylcarborane 
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The inherent crowding in such molecules has been overcome in a number of ways, 
namely increased slip distortion, facile cage rearrangement, and cage opening; or 
indeed a combination of these effects. 
Both {Ru(11 6-arene)} and {Cu(PR 3)} fragments act as 3-orbital donors and therefore 
prefer to lie over the centre of the ligating carborane face. However, the Cu centre 
bears only one terminal ligand, as opposed to three, and would therefore be expected 
to have lower steric demands. It is clearly of interest to investigate how the diphenyl 
carborane complex will accommodate such a group. 
In practice, repeated attempts to prepare anions of the type [3-(PR 3)-1,2-Ph2-3,1,2-
closo-CuC2B 9H9f by reaction between [(PPh3)CuBr] 4 or [(PCy3)CuBr] 2, T12[7,8-Ph2-
7,8-nido-C2B 9H9] and BTMACI [Cu:cage:BTMAC1 1:1:1] were unsuccessful. 
However, dinuclear { Cu(PR 3
) } 
2-carborane complexes were readily prepared by 
adjusting the reactant stoichiometry. 
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Synthesis of Compounds 12 and 13. Crystallographic Studies of 
12•CH2C12 and 13 
Both compounds were prepared by a route analogous to that by which their 
non-Ccagesubstituted relatives were obtained; 321 that is, the reaction of [(PPh 3)CuBr]4 
or [(PCy3)CuBr] 2 with T12[7,8-Ph2-7,8-nido-C2B9H9] in MeCN. The essentially pure, 
solid, white products (R = Ph, 12; Cy, 13) were isolated by careful filtration, then 
precipitation from the (concentrated) filtrate using Et 20. Spectroscopic data were 
broadly consistent with the expected product formulation; however, the detailed 
structure of these products was only established following an X-ray diffraction 
experiment on 12. 
Large, rather poor quality, plates of both 12 and 13 were obtained by slow diffusion 
of n-hexane into a CH 202 solution at -3 0°C. Four molecules of 12 and four of CH 202 
co-crystallise in the monoclinic space group P211c, with no close intermolecular 
contacts. Compound 13 crystallises in the same space group with four molecules per 
unit cell: on the basis of the unit cell volume no solvate is present. 
For compound 12 one quadrant of diffraction data was collected at room temperature, 
and the structure solved by Patterson methods (2Cu) and difference Fourier syntheses 
(Cl, P, C, B). All H atoms were set in fixed, calculated positions; phenyl rings were 
constrained to be planar, rigid hexagons. Following isotropic convergence, an 
absorption correction was applied; thereafter, only the 2Cu and 2P atoms could be 
successfully refined anisotropically. H atom thermal parameters were fixed at 0 . 06A2 
(0. 10A2  in solvate. 
Due to the poor quality crystals of 12, and the resulting inferior data set, the present 
structure is not highly accurate. However, the gross features of the molecular 
structure of 12 have been definitively established. A perspective view of a single 
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molecule of 12, and the atomic numbering scheme employed, is shown in Figure 5.2. 
Selected geometric parameters are listed in Table 5.2 
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Figure 5.2 Perspective view of 12 
C(3 1-36) /C(2 1-26) 
C(1 1-16)._(3) 
C(215) 








Table 5.1 Selected Interatomic Distances (A) and Interbond Angles (°) for 
Compound 12 
Cu(3)-P(3) 2.183(10) C(2)-B(11) 1.73(5) 
Cu(3)-C(1) 2.56(3) C(2)-C(211) 1.41(4) 
Cu(3)-C(2) 2.67(3) 13(10)-B(6) 1.65(5) 
Cu(3) - B(4) 2.20( 4) B(10) - B(5) 1.72( 5) 
Cu(3)-B(7) 2.32(4) B(10)-B(9) 1.75(5) 
Cu(3)-B(8) 2.07(4) B(10)-B(12) 1.80(5) 
Cu(2)-P(2) 2.128(10) B(10)-B(11) 1.86(5) 
Cu(2) - B(9) 2.27(4) B(6) - B(S) 1.70( 5) 
Cu(2) - B(8) 2.17(4) B(6) -B(1 1) 1.74( 5) 
Cu(2)-B(12) 2.24(4) B(5)-B(9) 1.71(5) 
P(3)-C(11) 1.842(21) B(5)-B(4) 1.71(5) 
P(3) -C(21) 1.803(21) B(9) - B(4) 1.76( 5) 
P(3) -C(31) 1.83 1(22) B(9) - B(8) 1.79( 5) 
P(2) -C(41) 1.852(23) B(9) -B(12) 1.76( 5) 
P(2) -C(51) 1.842(24) B(4) - B(8) 1.76( 5) 
P(2) -C(61) 1.812(23) B(7) - B(8) 1.78( 5) 
C(1)-C(2) 1.65(4) B(7)-B(12) 1.83(6) 
C(1)-B(6) 1.83(5) B(7)-B(11) 1.84(5) 
C(1) - B(S) 1.69( 5) B(8) -B(12) 1.79( 5) 
C(1)-B(4) 1.54(5) B(12)-B(11) 1.85(5) 
C(1)-C(111) 1.52(3) 
C(2)-B(6) 1.80(5) C1(1)-C(sol) 1.73(6) 
C(2) - B(7) 1.76( 5) C1(2) -C(sol) 2.02( 6) 
P(3) -Cu(3) - C(1) 144.7( 7) Cu(3) - B(8) - B(7) 73.6(18) 
P(3) -Cu(3) - C(2) 136.2( 7) Cu(3) - B(8) -B(12) 132.6(24) 
P(3) -Cu(3) - B(4) 152.0(11) Cu(2) - B(8) - B(9) 69.0(17) 
P(3) -Cu(3) - B(7) 133.0(10) Cu(2) - B(8) - B(4) 120.8(23) 
P(3) -Cu(3) - B(8) 142.8(11) Cu(2) - B(8) - B(7) 119.8(22) 
C(1) -Cu(3) - C(2) 36.7( 8) Cu(2) - B(8) -B(12) 67.8(17) 
C(1) -Cu(3) - B(4) 36.8(12) B(9) - B(8) - B(4) 59.1(20) 
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C(1) -Cu(3) - B(7) 68.1(11) B(9) - B(8) -B(12) 58.8(20) 
-Cu(3) - B(8) 72.2(12) B(4) - B(8) - B(7) 101.5(26) 
-Cu(3) - B(4) 64.9(12) B(7) - B(8) -B(12) 61.5(21) 
C(2) -Cu(3) - B(7) 40.4(11) Cu(2) -B(12) -B(10) 118.3(22) 
C(2) -Cu(3) - B(8) 72.3(12) Cu(2) -B(12) - B(9) 68.1(17) 
B(4) -Cu(3) - B(7) 74.7(14) Cu(2) -B(12) - B(7) 114.7(22) 
B(4) -Cu(3) - B(8) 48.6(14) Cu(2) -B(12) - B(8) 64.2(17) 
B(7) -Cu(3) - B(8) 47.5(14) C(1) - C(2) - B(7) 106.9(22) 
P(2) -Cu(2) - B(9) 149.7(9) C(1) - C(2) -C(211) 121.1(22) 
P(2) -Cu(2) - B(8) 156.0(10) B(6) - C(2) -B(11) 59.0(19) 
P(2) -Cu(2) -B(12) 151.2(11) - C(2) -C(211) 123.6(23) 
B(9) -Cu(2) - B(8) 47.6(13) - C(2) -B(1 1) 63.8(20) 
B(9) -Cu(2) -B(12) 46.0(13) B(7) - C(2) -C(211) 119.2(24) 
B(8) -Cu(2) -B(12) 47.9(14) B(11) - C(2) -C(211) 120.7(23) 
Cu(3) - P(3) -C(1 1) 106.8( 7) B(6) -B(10) - B(S) 60.4(21) 
Cu(3) - P(3) -C(21) 123.4( 8) B(6) -B(10) -B(1 1) 58.9(20) 
Cu(3) - P(3) -C(31) 111.1(8) B(S) -B(10) - B(9) 59.2(20) 
C(11) - P(3) -C(21) 106.0(10) B(9) -B(10) -B(12) 59.4(20) 
C(11) -P(3) -C(31) 104.8(10) B(12) -B(10) -B(11) 60.5(20) 
C(2 1) - P(3) -C(3 1) 103.2(10) C(1)-B(6)-C(2) 54.3(16) 
Cu(2) - P(2) -C(41) 112.1(8) C(1)-B(6)-B(S) 57.2(19) 
Cu(2) - P(2) -C(51) 115.7(8) C(2) - B(6) -B(11) 58.5(19) 
Cu(2) - P(2) -C(61) 116.2(8) B(10) - B(6) - B(S) 61.9(22) 
C(41) - P(2) -C(51) 101.8(11) B(10) - B(6) -B(11) 66.7(22) 
C(4 1) - P(2) -C(6 1) 104.6(10) C(1)-B(5)-B(6) 65.2(21) 
C(5 1) - P(2) -C(6 1) 105.0(11) C(1)-B(S)-B(4) 53.9(20) 
P(3)-C(11)-C(12) 120.1(15) B(10)-B(S)-B(6) 57.7(21) 
P(3)-C(11)-C(16) 119.8(15) B(l0)-B(S)-B(9) 61.2(20) 
P(3) -C(21) -C(22) 118.4(14) B(9) - B(S) - B(4) 61.6(22) 
P(3) -C(21) -C(26) 121.6(14) Cu(2) - B(9) -B(10) 119.0(21) 
P(3) -C(31) -C(32) 124.3(16) Cu(2) - B(9) - B(S) 172.6(24) 
P(3) -C(31) -C(36) 115.5(15) Cu(2) - B(9) - B(4) 116.3(21) 
P(2) -C(41) -C(42) 120.9(16) Cu(2) - B(9) - B(8) 63.4(16) 
P(2) -C(41) -C(46) 119.1(16) Cu(2) - B(9) -B(12) 66.0(17) 
P(2) -C(51) -C(52) 113.7(17) B(10) - B(9) - B(S) 59.6(20) 
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P(2) -C(51) -C(56) 126.3(18) 
P(2) -C(61) -C(62) 122.0(16) 
P(2) -C(61) -C(66) 118.0(16) 
Cu(3) - C(1) - C(2) 75.4(14) 
Cu(3) - C(1) - B(6) 127.9(18) 
Cu(3) - C(1) - B(5) 119.3(18) 
Cu(3) - C(1) - B(4) 58.9(17) 
Cu(3) - C(1) -C(111) 110.5(15) 
C(2) - C(1) - B(6) 62.1(18) 
C(2) - C(1) - B(4) 111.8(24) 
C(2) - C(1) -C(111) 116.3(20) 
B(6) - C(1) - B(S) 57.5(19) 
B(6) - C(1) - B(4) 109.8(24) 
B(6) - C(1) -C(111) 114.5(21) 
B(5) - C(1) - B(4) 63.9(22) 
B(5) - C(1) -C(111) 117.9(22) 
B(4) - C(1) -C(111) 125.4(24) 
Cu(3) - C(2) - C(1) 67.9(13) 
Cu(3) - C(2) - B(6) 122.9(18) 
Cu(3) - C(2) - B(7) 58.8(15) 
Cu(3) - C(2) -B(11) 118.1(18) 
Cu(3) - C(2) -C(21 1) 106.3(17) 
- C(2) - B(6) 63.7(18) 
Cu(3) - B(7) -B(12) 116.6(22) 
Cu(3) - B(7) -B(1 1) 132.2(23) 
- B(7) - B(8) 106.9(25) 
C(2) - B(7) -B(1 1) 57.4(19) 
B(8) - B(7) -B(12) 59.5(21) 
B(12) - B(7) -B(1 1) 60.5(21) 
Cu(3) - B(8) -Cu(2) 156.9(19) 
Cu(3) - B(8) - B(9) 127.9(23) 
Cu(3) - B(8) - B(4) 69.6(18) 
B(10) - B(9) -B(12) 61.8(20) 
B(S) - B(9) - B(4) 59.2(21) 
B(4) - B(9) - B(8) 59.6(2 1) 
B(8) - B(9) -B(12) 60.5(21) 
Cu(3) - B(4) - C(1) 84.2(20) 
Cu(3) - B(4) - B(S) 140.7(25) 
Cu(3) - B(4) - B(9) 122.3(23) 
Cu(3) - B(4) - B(8) 61.7(17) 
C(1) - B(4) - B(S) 62.2(22) 
C(1) -B(4) -B(8) 112.8(27) 
B(S) - B(4) - B(9) 59.2(21) 
B(9) - B(4) - B(8) 61.3(21) 
Cu(3) - B(7) - C(2) 80.8(17) 
Cu(3) - B(7) - B(8) 58.9(16) 
Cu(2) -B(12) -B(11) 172.5(25) 
B(l0) -B(12) - B(9) 58.8(20) 
B(10) -B(12) -B(11) 61.4(20) 
B(9) -B(12) - B(8) 60.7(21) 
B(7) -B(12) - B(8) 59.0(21) 
B(7)-B(12)-B(1l) 60.1(21) 
C(2) -B(1 1) - B(6) 62.5(20) 
C(2) -B(1 1) - B(7) 58.8(19) 
B(10) -B(1l) - B(6) 54.4(19) 
B(10) -B(11) -B(12) 58.1(19) 
B(7) -B(11) -B(12) 59.4(21) 
C(1)-C(111)-C(112) 117.8(18) 
-C(111)-C(116) 122.2(18) 
-C(21 1)-C(212) 120.7(22) 
C(2) -C(211)-C(216) 119.2(22) 
C1(1) -C(sol) -C1(2) 	95.7(25) 
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This structure determination has shown 12 to have the expected composition, with 
one {Cu(PPh3)} unit bound to the open face of the cage and a second copper 
fragment bound exopolyhedrally to the B(8, 9, 12) face. In 12 the steric crowding that 
occurs between the cage-bound phenyl rings and those of the phosphine bound to 
Cu(3) cause a movement of this Cu atom towards B(8), resulting in a slip parameter A 
of 0.62A. This is mirrored in the Cu(3) ... (facial atom) distances: C(1) and C(2) are 
most distant [2.56(3) and 2.67(3)A respectively], while B(8) is rather close 
[2.07(4)A] to Cu(3). The above slipping allows a reduction in the mutual repulsion 
between the two C ge-bound Ph groups, which are allowed to lie close to orthogonal 
to the C2133  face. The 8 values are relatively low at 23.5° [C(1 1 to 16)] and 23.6° 
[C(21 to 26)]; the C(1)—C(2) distance [1.65(4)A] is perhaps slightly elongated. 
Enhancements of the slip parameter A have been seen previously in diphenylcarborane 
complexes (Table 5.2). 
Table 5.2 Comparison of Slip Parameters (A/A) in {M}C2B9H9R2 Complexes 
{M} 	I 	A(R=H) 	A(R=Ph) 
(Ph3P)Hg 	 0.921721 
	 1.101701  
(cod)Pd 0 . 24173] 	 0 . 56171 ] 
(Ph3P)Cu 	 0 .27132] 	 0.62 
Dramatic differences have been revealed between 12 and other known species of the 
type "[{Cu(PPh 3)} 2(cage)]". For example, in the closely related compound 
[exo-4, 8- { (p.-H)2Cu(PPh3) } -3 -(PPh3)-3, 1 ,2-closo-CuC2B9H9] 
[Figure 5.3(a)] the 
second, exopolyhedral copper unit is bound (via two Cu-H-B bridges and a Cu-Cu 
bond) to a heteroatomic [Cu(3)B(4)B(8)] face, rather than to a B3 [B(8, 9, 12)] face 
via three Cu-H-B bridges as in 12. Clearly the increased slipping of Cu(3) in 
compound 12 increases the steric interaction between the Cu fragments, forcing Cu(2) 
'back' and 'down' to a position over a B 3 face. 
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12 	 (b)X=Se,Y=BH 
(c)X=Te,Y=BH 
Similarly, the copper-heteroborane complexes [exo-7,11-{(p.-H) 2Cu(PPh3)}-2-(PPh 3)- 
2,1 -closo-CuEB 10H8] (E = Se 741 , Te 75 ) [Figure 5.3 (b), (c)] also have the second Cu 
atom bound to a CuB 2 face. In all three examples the Cu atom lying over the ligating 
carborane face is essentially symmetrically bound to all five facial atoms. 
In the di{C ge-H} compound, it has been suggested that the bond between the two 
Cu atoms [2.576(1)A] may arise from the need for the otherwise formally 16-electron 
(exo) Cu centre to interact with the 18-electron (vertex) Cu atom [i.e., 
Cu(2)+-Cu(3)]. In 12, both Cu atoms already have 18-electron configurations, so that 
the non-bonding Cu ... Cu distance of 4.159(6)A is anticipated. 
The greater steric demands of the tricyclohexyiphosphine ligands in 13 are likely to 
cause even greater deviation from the structure of the unsubstituted analogue; in 
particular, an even greater slip parameter A is expected. This has been observed in a 
related compound containing tri-o-tolylphosphine ligands. 76 ' 
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N.M.R. Studies. Structure of 12 and 13 in Solution 
In both 12 and 13, the 11B('H} N.M.R. spectra show the expected pattern of 
resonances in the ratio 2:2:2:1 : 1:1, consistent with C molecular symmetry on the 
N.M.R. timescale. Two of these resonances (of integral ratio 1:2) are rather broader 
than the others, and have been assigned to B(8), and B(9) and B(1 2), respectively, i.e. 
those to which the exo-Cu atom is bound. Selective ' 1B decoupling of the 'H 
spectrum gives broad cage proton resonances in the same ratio. The two equivalent 
exo-Cu-bound protons [H(9) and H(12)] occur at around 2 p.p.m., and are distinctly 
broadened by coupling to copper and phosphorus. In contrast, the unique Cu-bound 
proton [H(8)] resonates at 2.84 and 2.94 p.p.m. in 12 and 13 respectively. Again, this 
peak is broadened by coupling to Cu; in the spectrum for compound 12, an apparent 
(poorly resolved) doublet with 2JPH 100Hz is noted. 
For both compounds 12 and 13, the room temperature 31P{ 1H} spectrum consists of a 
singlet, presumably broadened by coupling to copper. This shows the two phosphines 
to be equivalent on the N.M.R. timescale. For compound 12 this persists down to 
215K, but for 13 the exchange may be arrested at Ca. 235K and a spectrum with two 
broad singlets (of approximately equal integral) is obtained. 
Phosphine exchange via an intermolecular process has been ruled out by a 'mixing 
experiment'. The 31P{ 1H} N.M.R. spectrum of an equimolar mixture of 12 & 13 is 
essentially the same as a superimposition of the two individual spectra. If the 
phosphines or {Cu-phosphine} moieties were exchanging by dissociation and 
intermolecular migration, one or more species containing mixed phosphines would be 
expected. 
The steric demands of the diphenylcarborane ligand clearly disfavour an exchange 
mechanism where both Cu fragments are bound to the ligating face. Hence it seems 
reasonable to propose a process involving two equivalent exo-polyhedrally bound Cu 
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fragments. One such mechanism is shown in Figure 5.4. In this, the intermediate 
contains Cu units bridging both the B(4, 8, 9) and B(7, 8, 12) faces. The migration of 
the Cu fragments over the cage surface bears some similarity to the mechanism 
proposed for the solution behaviour of compound 7 (Chapter 3). 
PPh3 
Figure 5.4 A proposed mechanism for the solution behaviour of 12 
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Conclusions and Further Work 
Reaction between T12[7,8-Ph2-7,8-flid6-C2B9H9] and [(PPh3)CuBr] 4  or [(PCy3)CuBr]2 
in the appropriate ratio affords the dicopper-carborane complexes 
[exo-8,9, 12- Q.t-H') 3Cu(PR3) } -3 -(PR3)- 1 ,2-Ph2-3, 1 ,2-closo-CuC2B9H]. A single-
crystal X-ray diffraction study of the triphenyiphosphine compound, 12, shows that 
steric interactions result in a significant increase in the lateral slip of the endo Cu 
fragment across the ligating face of the cage. This in turn causes the second 
(exopolyhedral) copper moiety to move from a site over a CuB2 triangle to a position 
over a B3 face. 
In solution at room temperature the two {(R 3P)Cu} fragments undergo a fluxional 
process by which they become equivalent. The mechanism of the intramolecular 
exchange is proposed to involve a unique intermediate in which the two Cu atoms are 
attached to the cage in adjacent exopolyhedral sites, both being bound to B 3 faces. 
It remains to be seen whether a single endo { Cu(PR3)} fragment may be attached to 
the diphenylcarborane ligand under appropriate conditions (e.g., by using a smaller 
phosphine). Repeated attempts to prepare the compound where R = Ph were 
unsuccessful. This seems contradictory given that this fragment could be 
accommodated over the face of the cage when the second copper fragment is present. 
It may be that the increased slippage of the endo Cu atom compromises Cu-to-{cage} 
bonding and that a second Cu fragment is required to "support" the former. The 
additidnal electrostatic stabilisation achieved by attaching a second Cu fragment may 
also counter the steric destabilisation. 
The formation and characterisation of compounds of the type 
{(R2P(CH2)-PR2)Cu2}C2B9H9Ph2 (n = 1, 2, 3,...) would be of particular relevance to 
the work presented in this chapter. The chelating diphosphine would present 
stereochemical constraints, in addition to simple steric congestion, by controlling the 
extent to which the two Cu atoms can move apart. Such complexes would also be of 
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interest in relation to the fluxional behaviour of the two phosphines. Indeed, the 
particular steric requirements of certain diphosphines may allow the isolation of a 
bis{exo-Cu(PR 3)} complex, such as that proposed to be the intermediate in the 
fluxional process. 
A related, and perhaps equally relevant, class of copper carborane complexes are 
those containing a single exopolyhedral Cu moiety which might be prepared by 
reaction between K 1 and V4[(R3P)CuBr]4; analogous to the route noted in Chapter 3 
for the preparation of the related exo-nido Ru-carborane complex 7. Study of the 
solution N.M.R. behaviour of such copper complexes may shed further light upon the 
nature of fluxional processes both in 7, and in 12 and 13. 
The H atom, H(8), which lies 'between' the two copper atoms in 12 and 13 has been 
shown by 'H N.M.R. to be rather protonic: it seems likely that this proton may be 
removed by, for example, MeLi. Steric crowding is likely to prohibit attack by a 
reagent larger than Me although congestion is considerably less in the proposed 
bis(exo-Cu) exchange intermediate than in the closo/exo structure observed in the 
solid state. This may represent a possible means of functionalising B(8), and the subtle 
structural differences in the deprotonated form of 12 will be of interest. 
Finally, the formation of the di-silver analogues of 12 and 13 may be investigated. In 
addition, routes to mixed metal (CuJAg) complexes of this type may be developed and 
extended to include other transition metal fragments. These latter compounds present 






utlined below are the synthetic techniques employed in the preparation and 
characterisation of the compounds described in Chapters 2-5. For each of 
these, detailed synthetic procedures, spectroscopic and other analytical parameters are 
reported. Compounds 1-2, 4-8, and 10-13 were the subject of X-ray diffIaction 
studies; where appropriate, tables of fractional co-ordinates and thermal parameters are 
listed alongside the crystallographic data. 
Synthesis and Charactensation of Compounds 1 to 13 
General Techniques 
The following syntheses were carried out under an atmosphere of dry, oxygen-free 
nitrogen using standard Schienk-line techniques. Some subsequent manipulation was 
carried out in air. 
Preparative thin-layer chromatography (t.l.c.) employed Kieselgel 60 F 254 plates, 
pre-washed in the appropriate solvent. Dichloromethane (CH 2C12) was pretreated with 
KOH pellets, and tetrahydrofuran (thf) and n-hexane were sodium wired, before being 
distilled under N2  immediately before use: the former from CaH 2, thf from Na 
wire/benzophenone, and n-hexane from sodium wire. Ethanol and methanol were 
distilled from Mg/I 2. Diethyl ether (Et 20) and n-pentane were dried over sodium wire. 
Acetonitrile (MeCN) was distilled over P 205 and acetone (Me2CO) was dried over 
molecular sieves. 
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Infra-red difference spectra were recorded as solutions in CaF 2 cells, on a Perkin-
Elmer 598 double-beam spectrophotometer. N.M.R. spectra were recorded at ambient 
temperature (unless otherwise stated) using Bruker WH360 ["B, "B{ 1H}, 
"B{ 1H}-"B{'H} COSY, "B{ 1H)- 1H COSY, 'H{"B1} and 31P{'H}], WP200SY 
["B, "B{'H} and 31P{'H}], WY80SY ['H], and JEOL FX90 [31P{'H}] 
spectrometers. The ordering of 1 'B decoupling, and hence of the reported 'H{"B,} 
chemical shifts, follows that of the corresponding "B{'H} spectrum. Chemical shifts 
(positive to high frequency) are quoted relative to external BF 3 . OEt2 
(1  'B), SiMe4 ('H), 
and 85% H3PO4 (31P). Microanalyses were performed by the departmental service. 
Starting Materials 
The 	starting 	materials 	[(15_Cp*)IrCl212,[77' 	
[(16C6Me6)RuC12I2,E78] 
[(6_p_cym)RuC1],E781 [(i16-C6H6)RuC12}2, 79' [(PPh3)3RuC12]2, 801  [(PPh3)CuBr}4,8 
11 
[(PCy3)CuBr]2, 821 T12[7, 8-Ph2-7, 8 nido C2B 9H9],E49] Tl2[7-Ph-8-Me-7, 8 -n/do-
C2B9H9], 53 T12[7, 8-nido-C2B 9H1 i]° and T12[7-Ph-7, 8-nido-C2B 9Hio] 35 were 
prepared according to the literature methods or slight variations thereof. B , 0H14 was 
recrystallised from diethyl ether prior to use. All other starting materials were used as 
received. 
Synthesis of BTMA f7, 8-Ph2-1 O-endo-H- 7, 8-nido-C2B91191, BTMA 1 
KOH (0.20g, 3.57mmol) was dissolved in ethanol (20m1) before the addition of 
1 ,2-Ph2-closo-C2B , 0H10  (0.50g. 1. 70mmol). The reaction mixture was then stirred at 
room temperature for 30 minutes, before heating to refiux for a further 2 hours. On 
cooling, CO2  was bubbled through the solution for 10 minutes and the resultant K 2CO3 
removed by filtration. Removal of the solvent in vacuo revealed a white solid 
(KC2B9H,oPh2). This was taken up in water, filtered, and to the filtrate was slowly 
added an aqueous solution of Me 3NCH2PhBr. This resulted in the formation of a fine 
white precipitate, which was isolated by filtration, and washed with diethyl ether. 
Recrystallisation from CH2C12/n-hexane gave large colourless crystals in 46% yield. IR 
(cm) at 2960 (m) (C-H), 2520 (s) (B-H). Microanalyses: Calculated for 
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C24H36B9N 66.14 %C, 8.33 %H 3.21 %N; Found 66.12 %C, 8.40 %H 3.16 %N. 
N.M.R. (CDCI3) (s/ppm): ' 1B{'H} -6.50 (2B), -12.83 (1B), -14.80 (2B), -17.22 (2B), 
-31.46 (1B), -33.90 (1B). 
Synthesis of 1,2-Phr3-(rf..Cp  *)..3,1,2..CJOSIrC2B9JJr9 2 
Methylene chloride (20m1) was added to a mixture of [(1 5 Cp*)IrC12]2 (0.30g. 
0.38mmol) and T12[7,8-Ph2-7,8-nido-C2B9H9] (0.5g, 0.74mmol), and the reaction 
mixture stirred overnight. The resulting orange/red coloured solution was isolated 
from a grey precipitate of T1C1 by filtration, and the volume of the filtrate reduced to 
Ca. 2cm3 in vacuo. Preparative t.1.c. (CH2C1 2/n-hexane 40:60) revealed two major 
mobile bands (Rf 0.90/0.35). The former of these was collected and recrystallised from 
CH2C12/n-hexane to form dark pink plates in 20% yield. JR v (cm 1) at 2890 (C-H), 
2550 (B-H). Microanalyses: Calculated for C2 4H34B9Ir: 47.10 %C, 5.60 %H ; Found 
45.62 %C, 6.05 %H. N.M.R. (CDC1 3) (ö/ppm): "B{ 1H} 25.29(1B), 12.50(2B), 
11.41(1B), -3.58(4B), -17.88(1B). 1H 7.55-7.18 (m, 1OH, C 6H5), 1.24 (s, 15H, 
C5Me 5). 
Synthesis of 1,2-Ph2-3-(7-C6Me6)-3, 1,2-closo.-RuC2B9JJ9, 3 
This was synthesised in a similar fashion to 2. A mixture of [(11 6-C6Me6)RuCl2]2 
(0. 16g, 0.24mmol) and T12[7,8-Ph2-7,8-nido-C2B 9}-19] (0.33g, 0.48mmol) were allowed 
to warm from -196°C in 2 0cm 3 CH2C12, before being stirred overnight at room 
temperature. The resulting dark brown solution was isolated from the grey precipitate 
of T1C1 by filtration, and the volume of the filtrate reduced to Ca. 2cm 3 in vacuo. 
Preparative t.l.c. (CH2C1 2/n-hexane 60:40) revealed several mobile bands. The most 
mobile of these, a red band at Rf 0.75, was collected and recrystallised from CH2C1 2/ 
n-hexane to yield poor-quality red needles in 17% yield. JR v (cm 1 ) at 2900 (C-H), 
2525 (B-H). Microanalyses: Calculated for C26H3 7B9Ru: 5 7. 0 %C, 6.81 %H; Found 
53.3 %C, 7.63 %H. N.M.R. (CDC1 3) (6/ppm): "B{ 1H} 32.69(1B), 15.93(2B), 
12.28(1B), 0.24(2B), -0.95(2B), -17.85(1B). 1H 7.52-7.18 (m, 1OH, C 6H5), 1.59 
(s, 1 8H, C56). 
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Synthesis of1,2Ph r3-(i-p-cym)-3,1,2-c1oso-RuC2BJI9, 4 
CH202 (20ml) was added to a mixture of [( 6-p-cym)RuC1 2]2 (0.2g, 0.33nimol) and 
T12[7,8-Ph2-7,8-nido-C2B9H9] (0.453g. 0.66mmol) and the reaction mixture stirred at 
room temperature for 15 hours. Filtration yielded a deep red solution, evaporation of 
which resulted in a reddish-brown solid. Preparative t.l.c. (CH 2Ch/n-hexane 50:50) 
revealed one major orange band at Rf 0.85. This was collected and recrystallised from 
CH2C12/n-hexane to yield large, perfectly-formed, dark orange crystals in 15% yield. 
JR v (cm 1) at 2860 (C-H), 2580 (B-H). Microanalyses: Calculated for C 24H33B9Ru 
%C 55.45, %H 6.40; Found %C 53.55, %H 6.05. N.M.R. (CDC1 3) (ö/ppm): ' 1B{ 1H} 
30.40(1B), 15.54(2B), 12.58(1B), -0.44(2B), -1.36(2B), -20.14(1B). 1H 7.62-7.15 (m, 
1OH, (C6H5), 5.41-5.12 (m, 4H, MeC 6H4CFIIvIe2), 2.09 (septet, 1H, MeC6H4CIIMe2, 
3J 6.9Hz), 1.55 (s, 3H, MeC 6H4CHMe2), 1.02 (d, 6H, MeC 6114CHf.). 
Synthesis of 1,2-Ph2-3-(T/ 6-C6H6)-3, 1,2-closo-Ru C 2BH9, 5 
Using a similar procedure to that employed in the synthesis of 3 a mixture of 
[(16-C6H6)RuC12]2 (0.12g. 0.24mmol) and T12[7,8-Ph2-7,8-nido-C2B9H9] (0.33g, 
0.48mmol) in CH202  (20m1) were warmed from -196°C in a foil-covered Schlenk 
tube, and left to stir overnight. The resulting orange/brown solution was isolated by 
filtration from TlCl, and the solvent reduced in vacuo to ca. 2cm3 . Preparative t.l.c. 
(CH2C12/n-hexane 60:40) yielded a complex mixture of bands. The most mobile of 
these, Rf  0.8, was collected, and the resulting orange solid recrystallised from 
CH2C12/n-hexane to yield small, well-formed crystals in 18% yield. JR v (cm') at 
2525 (B-H). Microanalyses: Calculated for C 20H25B9Ru %C 51.80, %H 5.4; Found 
%C 47.10, %H 6.70. N.M.R. (CDC1 3) (6/ppm): 11B{ 1H} 28.16(1B), 15.09(2B), 
13.53(1B), -0.27(2B), -1.61(2B), -19.84(1B). 'H 7.66-7.11 (m, 10H, (C65), 5.58(s, 
6H, CJj6). 
Synthesis of 1-Ph-2-Me-3-(-p-cym)-3, 1,2-closo-Ru C 2B9H9, 6 
This was synthesised in a similar fashion to 3. A mixture of [( 6-p-cym)RuC1 2]2 
(0. 24g, 0.475mmo1) and Tl2[7-Ph-8-Me-7, 8-nido-C 2B 9H9] (0.60g. 0. 9smmol) were 
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allowed to warm from -196°C in 10cm 3 CH202, before being stirred overnight at room 
temperature. The resulting deep red solution was isolated from the grey precipitate of 
T1C1 by filtration, and the volume of the filtrate reduced to Ca. 2cm3 in vacuo. 
Preparative t.l.c. (CH2C12/n-hexane 60:40) revealed two mobile bands. The yellow 
band at Rf 0.7 was collected and recrystallised from CH 2C12/n-hexane to yield yellow 
crystals in 13% yield. IR v (cm') at 2965 (C-H), 2542 (B-H). Microanalyses: 
Calculated for C 19H31B9Ru %C 49.85, %H 6.83; Found %C 49.40, %H 6.91. N.M.R. 
(CD2C12) (ö/ppm): "B( 'H) 4.1 1(2B), -2.05(1B), -4.83(1B), -6.50(1B), -9.03(1B), 
-12.5 1(2B), -16.07(1B). 'H 7.36-7.13 (m, 4H, C 61j5), 5.76-5.23 (m, 4H, C6 14), 2.88 
(septet, 1H, Me2CHC6H4CH3 , 3J,-,, = 7.1Hz), 2.48 (s, 3H, Me 2CHC6H4C), 1.64 (s, 
3H, CcageCff), 1.28 (d, 6H, (Cii)2CHC6H4CH3). 
Reaction between 77 2[7,8-Ph2-7,8-nido-C2BJf9J and fRu(PPh 3)3C1212 in CH202. 
Synthesis of [exo-((p-I-I) 3Ru(PPh 3)2C11- 7, 8-Ph-1 OHendo 7, 8-nido-C2B9H6], 7 
Methylene chloride (25m1) was added dropwise to a mixture of T12[7,8-Ph2-7,8-nido-
C2B9H9] and [Ru(PPh3)3 C12]2 at -196°C. The mixture was then allowed to warm to 
room temperature and stirred overnight. During this period the colour of the reaction 
mixture changed from dark brown to orange/brown. Precipitated T1C1 was removed by 
filtration and the solvent reduced to Ca. 3cm3 . Preparative t.l.c. (CH 2C12/n-hexane 
60:40) revealed an intense orange band at Rf 0.6 which was collected and recrystallised 
from CH2C12/n-hexane to yield large, dark orange blocks in 24% yield. IR v, (cm) 
at 3055 (C-H), 2571 (B-H). Microanalyses: Calculated for C 50H50B9C1P2Ru %C 63.44, 
%H 5.32; Found %C 57.97, %H 5.00 [poor analysis due to presence of solvate (see 
text)]. N.M.R. (CD2C12) [ö/p.p.m.; * - asymmetric isomer (see text)]: 31P{ 1H} 
53 . 19(br)*, 49.48(s),  45.34(br)*.  'H 7.65-6.80 (m, 40H + 40H*, C61j5), 3.9-0.6 (br, 
6H + 6H*, Heage); -0.3 (br m, 1H, H, do*) and -0.6 (q, 1H, Hd0, JBH 96Hz) 
(overlapping peaks); -3.3 (br m, 1H, H(5/6 or 9/1 1)*),  -4.4 (br m, 2H, H(5/6)) -6.3 (br 
m, 1H, H(10)*),  -15.4 (br m, 1H, H(5/6 or 9/1 1)*),  -16.5 (br m, 1H H(10)). 'H{"B) 
3.0, 2.9, 2. 4(br), 1.8 (cage H's) partly obscured by solvate; all peaks at negative 
chemical shift enhanced. "B { 'H) 5.69 (vbr), 3.23 (vbr), -11.15 (vbr), -18.42, Ca. -21 .6 
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(br, sh), -22.63, -24.11, -30.52, -39.47, -42.92. Selectively decoupled ('H{"B, 1 } - 'H) 
difference spectra: 
6("Bi): 5.69 3.23 .11.15 18.42 .21.6 
6('Hjur): 2.3 3.3, 
2.2 
2.9(br) 15.5(s) 1.7 
6("B 1): 22.63 24.11 .30.52 39.47 .42.92 






Reaction between 71 2[7, 8-PI, 7, 8-nido.-C2B9H91 and [Ru (PPh 3)3C1212 in MeCN. 
Synthesis of/Ru (MeCN) 2(PPh3)2(1u-Cl)1217, 8-Phr 7, 8-nido-C2B9F19J2, 812 
An analogous reaction using MeCN as solvent afforded an orange solid, which was 
purified by preparative t.l.c. (MeCN) and recrystallised from Me 2COIEt2O to afford 
the product as orange crystals. The product was characterised by means of a single 
crystal X-ray diffraction study. N.M.R. (CDC1 3) (6/ppm): 'H 7.71-6.76 (m, 80H, 
C6j5), 2.87 (s, 12H, CffCN). 31P{ 1H} 50.12 (s). "B{ 1H} as for BTMA salt. 
Synthesis of 3-(46-p-cym)-3, 1,2-closo-RuC 2BJ-I11 9 
In an procedure analogous to those above, methylene chloride (20m1) was added to a 
mixture of [( 6-p-cym)RuC1 2] 2 (0.29g, 0.47mmol) and T1 2[7,8-Ph2-7,8-nido-C2B 9H9] 
(0.5g, 0.92mmol) and the reaction mixture stirred overnight. The mixture was filtered 
and the resultant orange solution reduced in volume to ca. 2cm3 . Preparative t.l.c. 
(CH2C12/n-hexane 60:40) afforded a yellow band at Rf 0.80. This was collected and 
recrystallised from CH 2C12/n-hexane. IR (cm) at 2530 (B-H'). Microanalyses: 
Calculated for C, 2H25B9Ru 39.03 %C, 6.77 %H ; Found 39.20 %C, 6.85 %H. N.M.R. 
(CDC13) (6/ppm): "B { 'H} 2. 77(1B), 1 .25( 1B), -6.67(2B), -8.24(2B), -18. 59(2B), 
-23.21(1B). 1H 5.93-5.88 (m, 4H, MeC 6H4CHMe2), 3.80 (broad, 2H, Cge-ff,  2.85 
(septet, 1H, MeC6H4CIIMe2), 2.32 (s, 3H, Cff3C6H4CHMe2), 1.28 (d, 6H, 
MeC6H4CH(Cff3)2). 
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Synthesis of 1-Ph-3-(i-p-cym)-3, 1,2-closo-RuC 2BJi10, 10 
Using an analogous procedure to that employed in the synthesis of 9 a mixture of 
[( 6-p-cym)RuC1 2]2 (0.25g, 0.40mniol) and T12[7-Ph-7,8-nido-C2B9H10] (0.50g. 
0.81mmol) in 10cm3 CH202 was warmed from -196°C in a foil-covered Schlenk tube, 
and left to stir overnight. The resulting orange solution was isolated by filtration from 
TlCl, and the solvent reduced in vacuo to Ca. 2cm3 . Preparative t.l.c. (CH2C12/n-hexane 
60:40) yielded a complex mixture of bands. The most mobile of these, Rf 0.7, was 
collected, and the resulting yellow solid recrystallised from CH 2C12/n-hexane to yield 
small, well-formed yellow crystals in 18% yield (0.06g). IR v,,. (cm') at 2970 (C-H), 
2545 (B-H). Microanalyses: Calculated for C 18H29B9Ru: 48.72 %C, 6.59 %H ; Found 
46.97 %C, 6.92 %H. N.M.R. (CDC13) (6/ppm): "B{'H} 2.62(2B), -4.39(1B), 
-6.92(1B), -7.81(1B), -8.32(1B), -14.46(1B), -18.35(2B). 'H 7.27-7.10 (m, 5H, 
C61j5), 5.51-4.97 (m, 4H, MeC 4CHMe2), 4.44 (br S, 1H, Ccagej, 2.76 (septet, 1H, 
MeC6H4CHMe2. 3JHH 7.0Hz), 2.35 (s, 3H, MeC 6H4CHIvIe2), 1.26 (d, 6H, 
MeC6H4CHj). 
Thermolysis of 4, 9 and 10. Synthesis of 1,11-Ph2-3-(r 6-p-cym)-3,1,11-coso-
RuC2BJ-19, 11 
A sample (50mg) of 4 was dissolved in toluene (lOml) and heated to 65°C for 18 
hours. An aliquot was removed and subjected to "B{'H} and N.M.R. 
spectroscopic analysis; this showed no change had occurred. The toluene solution was 
then heated to refiux temperature (110°C) for 2 hours. After this time the solution had 
turned from orange to yellow. Spot thin layer chromatography (CH 202), and 1 'B( 1H} 
N.M.R. spectroscopy, showed the presence of small quantities of 4, some 
decomposition, and a new, yellow compound. This was isolated by preparative t.l.c. 
(CH202, Rf 0.75) and crystallised from CH 2C12/n-hexane at -3 0°C to afford yellow 
crystals of 11. N.M.R. (CDC13) (6/ppm): "B{'H} 0.43(1B), -0.31(1B), -1.54(1B), 
-3.04(1B), -6.31(1B), -8.24(2B, partially resolved), -14.81(1B), -15.70(1B). 
Similar prolonged heating (110°C, 9 days) of toluene solutions of 9 and 10 (monitored 
by "B{ 1H} N.M.R. spectroscopy) revealed no change. 
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Synthesis 	of 	[exo-8, 9,1 2-[(Iu-.H) 3Cu (PPh3)1-3-(PPh3) -1 ,2-Ph2-3, 1,2-closo- 
CuC2B9H6J, 12 
To a slurry of T1 2[7,8-Ph2-7,8-nido-C2B9H9] (0.5g. 0.74mmol) in CH3CN (20m1) was 
added [Cu(PPh3)Br] 4 (0.56g. 0.37mmol) in CH2C12 (lOml), resulting in the inunediate 
appearance of a very fine white precipitate in a pale yellow solution. This mixture was 
stirred at room temperature for 20 hours. During this time the precipitate darkened 
considerably to grey-blue. The solid was removed by filtration through Celite ® and the 
yellow filtrate reduced in volume to Ca. 5 cm3 . The addition of diethyl ether (10cm 3) 
led to the precipitation of a white solid. This was isolated by filtration, washed fi.irther 
with diethyl ether and dried in vacuo. Recrystallisation from CH 2C12/n-hexane yielded 
large, poor-quality colourless crystals in 35% yield. IR v (cm') at 2965 (m) (C-H); 
2545 (s), 2485 (sh) (B-H). Microanalyses: Calculated for C 50H49B9Cu2P2 CH2C12 
%C 59.98, %H 5.03; Found %C 58.74, %H 5.26. N.M.R. (CDC13) (ölppm): "B{'H) 
-10.63 (br, 1B), -18.10 (4B = 2B + br, 2B), -24.05 (2B), -34.85 (1B), -36.33 (1B). 
'H 7.50-6.55 (m, 40H, C6H5). 'H{"B1.} 2.84 (br, 1H), 1.97 (2ff), 1.94 (br, 2H), 1.96 
(2H), 1.41 (1H), 0.93 (1H). 3 'P{'H} 6.20 (br, s). 
Synthesis 	of 	fexo-8, 9, 12-[(1uH)3Cu(PCy3)Jc1oso1,2-Phr3-(PCy3)-3,1,2- 
CuC2B9FI6], 13 
This was synthesised in a similar fashion to compound 12. [Cu(PCy 3)Br] 2 (0.38g, 
0.22mmol) in CH2C12 (lOmi) was added to a slurry of T1 2 [7,8-Ph2-7,8-nido-C2B9H9] 
(0.34g, 0.50mmol) in CH3CN (20m1) resulting in the immediate appearance of a white 
precipitate in a pale yellow solution. The reaction mixture was stirred overnight at 
room temperature whereupon the precipitate darkened in colour to grey-blue. The 
solid was isolated by filtration through Celite ® and the solvent removed from the 
filtrate in vacuo to leave a pale yellow solid. Colourless, poor-quality crystals were 
grown from CH2C12/n-hexane in 42% yield. IR v (cm') at 2920 (s), 2860 (s) (C-H); 
2540 (s), 2480 (sh) (B-H). Microanalyses: Calculated for C 50H85B9Cu2P2 %C 61.75, 
%H 8.81; Found %C 61.53, %H 9.56. N.M.R. (CDC1 3) (6/ppm): 1 'B( 1H) -13.66 
(br,1B), -17.61 (2B), -19.50 (br, 2B), -24.87 (2B), -34.72 (1B), -37.32 (1B). 1H 7.28-
6.83 (m, 1OH, C6H5), 1.92-1.16 (m, 66H, C 6H11). 'H{"B 1.} 2.94 (br,1H), 1.94 (2H), 
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2.00 (br, 2ff), 1.71 (2ff), 0.94 (1H), 0.82 (1H). 31P{'H} (298K) 24.28 (br, s); (213K) 
27.78 (br, 1P), 17.43 (br, 1P). 
"Mixing Experiment" (12 + 13) 
A mixture of equimolar amounts of compounds 12 and 13 was dissolved in CDC13 and 
analysed by room temperature 31P N.M.R. spectroscopy. The spectrum obtained was 
essentially a superimposition of the spectra of the two separate compounds and 
showed no new species to be present, even after some time. 
138 
Crystallographic Techniques 
The section consists of an outline of the procedures employed in the collection and 
processing of diffraction data for crystals of compounds BTMA1, 2, 4, 5, 6, 7, 812, 
10, 11, 12, and 13, and of the methods used in the solution and refinement of the 
structures. The fractional co-ordinates and thermal parameters obtained from the 
crystallographic studies are tabulated. All data were collected on an Enraf-Nonius 
CAD4 diffractometer (fitted with a ULT- 1 low temperature device in the case of 
compounds BTMA1, 812 and 12), using grapbite-monochromated Mo Ka X-radiation 
(A. = 0.71069A). Diffraction quality crystals were mounted on the diffractometer in 
sealed Lindemann tubes. 
For each crystal, unit cell parameters and the orientation matrix for data collection 
were obtained from a least-squares refinement of the accurately-measured setting 
angles of 25 strong, high angle reflections. Data collection was by a-20 scans in 96 
steps with o-scan width (0.8+0.34tanO); o-scan speeds were in the range 
0.824 - 2.356 on1 Two standard reflections were measured every 8 X-ray hours to 
monitor any crystal decay; crystal orientation was checked by means of two control 
reflections which were relocated every 500 reflections measured. Data were corrected 
for Lorentz and polarisation effects, and for any decay, using CADABS. 83 Scattering 
factors for Cu and Ru were obtained from International Tables, 841 whilst those for all 
other atoms were inlaid in the programs used in structure solution and refinement. 
Structure solution was by Patterson methods using SHELX76. 85 In the case of 
compound 6, the program DIRDIP 
161  assisted in the location of the two Ru atoms. 
The location of further atoms by difference Fourier syntheses was by assignment of 
residual electron density peaks calculated by the structure refinement program. All 
refinement (on F) was by full-matrix iterative least-squares methods using SHELX76. 
Following isotropic convergence, each data set was empirically corrected for 
absorption using DIFABS. 871  Thereafter, equivalent data were merged (merging R 
factor is R) prior to final (anisotropic) refinement. In the final stages of refinement, 
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data were weighted according to w 1 = [c 2(F) + gFl. Molecular geometry calculations 
were performed using CALC,' 881  and figures were drawn using SHELXTL p. 891 
Isotropic thermal parameters take the form: 
exp[-87r2U(sin2ø)I X2] 
For anisotropic thermal parameters U 1 is given by: 
Uij = [_27t2(Ui l a* 2h2+U22b*2k2+U33c*212+2U23b*c*kl+2U13a* c*hl+2Ui2a*b*hk)] 
The equivalent isotropic thermal parameter U q is defined as: 
Ueq 
The residuals R and R, and the 'goodness-of-fit' S are defined by: 
R=IIF0I - IFll/IFoI 
wR = ( wIlF0I - IFII / EwIF0I) 
S= [{IIF0I - IFII /(y(F0)} 2 I(N-P)f 
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Table 6.1 Crystal Data 
Compound BTMA1 2 4 
Crystal size / mm 0.2 x 0.15 x 0.15 0.4 x 0.3 x 0.3 0.4 x 0.3 x 0.3 
Formula C24H36B9N C24H34B 9Ir C24H33B9Ru 
Mr 435.85 612.05 519.89 
System monoclinic monoclinic mono clinic 
Space Group P211n P211c Cc 
a/A 10.751(4) 17.751(6) 8.939(8) 
b / A 21.662(4) 18.4286(20) 20.020(10) 
c/A 11.9745(25) 18.197(4) 14.210(6) 
90 90 90 
106.592(23) 118.637(16) 101.45(5) 
90 90 90 
U/A3  2672.5 5224.7 2492.3 
Z 4 8 4 
(2 independent) 
D/Mgm 3 1.083 1.556 1.385 
p.(Mo-K)/cm' 0.53 51.03 6.28 
F(000) 928 2400 1064 
8 lattice parameters' ° 12 - 13 8 - 12 8 - 13 
Temperature / K 185(1) 293(2) 293(2) 
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Table 6.1 (cont.) 
5 	 16 
Crystal size / mm 0.4 x 0.3 x 0.2 0.3 x 0.3 x 0.2 
Formula C20H25B9Ru C 19H31B9Ru 
Mr 463.78 457.82 
System orthorhombic monoclinic 
Space Group Pnma P21 
a/A 16.770(8) 14.803(6) 
b/A 12.7763(21) 18.935(6) 
c/A 9.8380(18) 7.944(3) 
90 90 
13/ 0 90 101.43(5) 
90 90 
U/As 2107.8 2181.0 
Z 4 4 
(C symmetry imposed) (2 independent) 
D/Mgm 3 1.461 1.393 
t.i(Mo-K( ) / cm 1 7.34 7.07 
F(000) 936 936 
0lattice parameters'° 11 - 12 9 - 22 
Temperature / K 293(2) 293(2) 
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Table 6.1 (cont) 
7(unknown solvent 
	
8•1 2 C3HO 
Crystalsize/mm 0.5x0.3 xO.2 0.3 xO.2x0.15 
Formula C50H50B9CIP2Rw(unknown solvent) C57H62B9CLN2OP2Ru 
Mr 95374* 1086.89 
System monoclinic monoclinic 
Space Group P2 i/n C21c 
a/A 11.963(4) 29.171(14) 
b / A 20.072(5) 22.449(8) 
c/A 22.505(7) 18.13(3) 
a!° 90 90 
3 / 0 90.253(25) 109.92(7) 
7/ 0 90 90 




D/Mgm 3 1 . 172* 1.294 
p.(MoK) / cm 1 . 64* 4.19 
F(000) 1984* 4496 
°lauice parameters"° 9 - 12 9 - 11 
Temperature / K 293(2) 185(1) 
* Mr, D, 	F(000) are calculated on the basis of the "unknown solvent" being 9 C atoms of 
unt occupancy 
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Table 6.1 (cont) 
10 	 Iii 
Crystal size / mm 0.3 x 0.3 x 0.2 0.3 x 0.3 x 0.3 
Formula C 1 8H29B9Ru C24H33B9Ru 
M 443.79 519.89 
System monoclinic monoclinic 
Space Group P211c P211n 
a/A 13.33(3) 11.763(3) 
b / A 9.439(3) 14.496(3) 
c/A 17.627(16) 15.28(3) 
a!° 90 90 
108.21(13) 99.933(18) 
7/ 0 90 90 
U/As 2107.7 2565.6 
Z 4 4 
D/Mgm 3 1.398 1.346 
7.30 6.10 
F(000) 904 1064 
8lattice parameters" ° 6 - 11 12 - 13 
Temperature / K 293(2) 293(2) 
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Table 6.1 (cont) 
12CH2C12 	113 
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Table 6.2 Data Collection 
Compound BTMA1 4 5 6 
()data collection' 0 1 - 25 1 - 25 1 - 25 1 - 25 
hrange 0-12 0-10 -19- 	19 -17 - 	 17 
krange 0-25 0-23 -15 - 	 15 0-22 
/range -13 	-13 -16 - 	 16 0-11 0-9 
Data measured 5118 2324 4751 4281 
Period/h 115 40 112 97 
Unique data 4699 2338 1936 4015 
Observed data 3857 2275 1577 3412 
Criterion F ~! 2.0(F) F ~! 2.0(P) F ~! 2.0c(F) F ~! 2.0(F) 
for observed 
Compound 7(unknown 812 C3H5O 
solvent)  
11 12CH2C12 
8data collection ° 1 - 22 1 - 22 1 - 25 1 - 22 
hrange -12 - 12 -30 - 30 -14 - 	 14 -11 	- 	 11 
krange 0-21 0-23 0-17 0-21 
lrange 0-23 0-19 0-18 0-24 
Data measured 7505 7314 4883 6716 
Period/h 172 160 104 136 
Unique data 7037 6827 4497 6301 
Observed data 3518 4606 3903 2202 
Criterion F ~! 6.Ocy(F) F ~! 4.0(F) F ~! 2.0c(F) F ~ 4.0(F) 
for observed 
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Table 6.3 Structure Refinement 
Rint 0.0192 0.0148 0.0173 
UH/A2 0.0510(13) 0.061(3) 0.072(5) 
g 0.002546 0.000363 0.000495 
R 0.0637 0.0223 0.0554 
Rw 0.0930 0.0263 0.0511 
S 1.084 1.071 1.001 
Variables 413 378 153 
Mm., max. -0.30, 0.94 -0.28, 0.67 -1.01, 0.84 




Rt 0.0262 0.0218 
UH/ A2 0.0609(13) 0.06 (fixed) 
g 0.000960 0.001714 
R 0.0419 0.0955 
Rw 0.0484 0.1296 
S 1.070 1.124 
Variables 279 (block 1), 286 (block 1), 
280 (block 2) 186 (block 2) 
Min.,max. -0.47,0.62 -2.64, 1.11 
residues / ek [near Ru(3b)] (in solvent) 
Compound 812 C3H60 11 
R 1 t 0.0334 0.072 0.0274 
UH / A2 0.05 (fixed) 0.0731(23) 0.06(fixed); 
0. 10(CH202) 
g 0.000166 0.000239 0.001114 
R 0.0577 0.0339 0.1334 
Rw 0.0568 0.0390 0.1443 
S 1.236 1.367 1.207 
Variables 351 (block 1), 326 190 
221 (block 2) 
Mm., max. -0.45, 	0.94 	(near -0.70, 0.61 -0.71, 0.89 
residues / eA 	cage facial atoms) 
12 
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Table 6.4 Fractional Co-ordinates and Equivalent Isotropic Thermal Parameters 
(A2) for Non-H Atoms in IMe3NCH2PhII 17,8-Ph2-7,8-nido-C 2B9H10I, BTMA1 
X y Z Ueq 
 0.5435( 3) -0.68272(14) -0.30457(22) 0.0367(15) 
 0.54174(25) -0.60240(13) -0.27735(22) 0.0343(14) 
 0.3969( 3) -0.63991(14) -0.35050(25) 0.0424(17) 
 0.39660(25) -0.71428(12) -0.28893(23) 0.0342(14) 
 0.54012(24) -0.72280(13) -0.17422(22) 0.0343(14) 
 0.63337(25) -0.65163(13) -0.16668(23) 0.0356(15) 
 0.40440(20) -0.59031(10) -0.23629(18) 0.0277(12) 
 0.32363(20) -0.65294(10) -0.24159(18) 0.0276(12) 
B(9) 0.39669(24) -0.70195(12) -0.14091(22) 0.0324(14) 
13(10) 0.54984(24) -0.66878(13) -0.06127(22) 0.0327(14) 
B(11) 0.53948(25) -0.59203(12) -0.12985(22) 0.0334(14) 
 0.32655(21) -0.53165(10) -0.26517(19) 0.0316(12) 
 0.2476( 3) -0.5 1717(12) -0.37649(22) 0.0436(15) 
 0.1721(3) -0.46427(14) -0.3961(3) 0.05 16(17) 
 0.1727(3) -0.42440(13) -0.3068( 3) 0.0526(18) 
 0.25 170(25) -0.43740(13) -0.1963( 3) 0.0469(16) 
 0.32641(23) -0.49036(11) -0.17596(22) 0.0367(14) 
 0.17885(20) -0.64790(10) -0.27410(18) 0.0278(11) 
 0.09892(23) -0.66809(11) -0.38085(21) 0.0363(13) 
 -0.03526(23) -0.66437(12) -0.40560(23) 0.0414(15) 
 -0.09154(24) -0.64015(13) -0.3252( 3) 0.0474(16) 
 -0.01311(23) -0.61965(12) -0.21893(24) 0.0434(15) 
 0.12052(21) -0.62343(11) -0.19342(22) 0.0350(13) 
N -0.02785(17) -0.82683(9) -0.18356(16) 0.0327(11) 
 0.0961(3) -0.79193(14) -0.1679(3) 0.0498(17) 
 -0.1174(3) -0.78885(13) -0.13586(23) 0.0422(15) 
 0.0022(3) -0.88648(12) -0.11812(25) 0.0426(15) 
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Table 6.4 (cont) 
X y Z Ueq 
C(4) -0.08716(25) -0.83870(13) -0.31385(20) 0.0411(15) 
 -0.21154(24) -0.87444(12) -0.34244(21) 0.0402(14) 
 -0.3309( 3) -0.84562(15) -0.36198(25) 0.0512(17) 
 -0.4436( 3) -0.87970(18) -0.3839( 3) 0.0662(22) 
 -0.4363( 3) -0.94263(20) -0.3873( 4) 0.082( 3) 
 -0.3207( 3) -0.97 157(17) -0.3727( 4) 0.0785(25) 
 -0.2090( 3) -0.93769(14) -0.3493( 3) 0.0571(19) 
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Table 6.5 Co-ordinates of H Atoms in BTMA•1 
x y z 
 0.591( 3) -0.7027(13) -0.3671(24) 
 0.583( 3) -0.5617(13) -0.3252(24) 
 0.341( 3) -0.6276(13) -0.440( 3) 
 0.346( 3) -0.7528(14) -0.3379(23) 
 0.586(3) -0.7686(14) -0.1529(23) 
 0.738(3) -0.6545(13) -0. 1426(23) 
 0.343(3) -0.7404(13) -0.1014(22) 
 0.608( 3) -0.6794(13) -0.0314(24) 
H(1OB) 0.45904 -0.64063 -0.05947 
H(1 1) 0.577( 3) -0.5477(14) -0.0867(24) 
 0.252( 3) -0.5450(14) -0.43 89(25) 
 0.121(3) -0.4536(14) -0.469(3) 
 0.121(3) -0.3916(14) -0.3246(25) 
 0.257(3) -0.4097(14) -0.132(3) 
 0.379( 3) -0.4995(13) -0.095( 3) 
 0.133(3) -0.6859(13) -0.442( 3) 
 -0.084( 3) -0.6836(13) -0.4783(25) 
 -0.189(3) -0.6372(13) -0.3451(24) 
 -0.058( 3) -0.6006(13) -0. 160( 3) 
 0.169(3) -0.6089(13) -0.1 15( 3) 
 0.133(3) -0.7881(12) -0.073(3) 
 0.154(3) -0.8195(14) -0.2011(25) 
 0.072( 3) -0.75 15(15) -0.2057(24) 
 -0.072( 3) -0.7855(12) -0.049( 3) 
 -0.139(3) -0.75 16(15) -0.1813(24) 
 -0. 195( 3) -0.8 134(14) -0.1496(24) 
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Table 6.5 (cont) 
x y z 
 0.060(3) -0.9157(13) -0.1482(25) 
 0.039( 3) -0.8796(13) -0.038( 3) 
 -0.075(3) -0.9120(14) -0.1212(25) 
 -0.331(3) -0.8029(15) -0.3640(25) 
 -0.527( 3) -0.8618(14) -0.3980(25) 
 -0.493( 3) -0.9624(15) -0.396( 3) 
 -0.314( 3) -1.0195(14) -0.3785(24) 
 -0.140( 3) -0.9539(14) -0.341( 3) 
 -0.013( 3) -0.8593(13) -0.3378(24) 
 -0.096( 3) -0.7950(14) -0.3480(25) 
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Table 6.6 Anisotropic Thermal Parameters (x10 3) (AZ) for BTMA1 
U11 U22 U33 U23 U1 3 U12 
B(1) 032( 1) 046( 2) 030( 1) -003( 1) 012( 1) 004( 1) 
B(2) 029( 1) 043( 2) 030( 1) 003( 1) 012( 1) -001( 1) 
B(3) 042( 2) 047( 2) 035( 1) -002( 1) 014( 1) 002( 1) 
B(4) 030( 1) 033( 1) 036( 1) -004( 1) 007( 1) 001( 1) 
B(S) 028( 1) 038( 1) 035( 1) 001( 1) 009( 1) 004( 1) 
B(6) 024( 1) 045( 2) 035( 1) 002( 1) 010( 1) 000( 1) 
C(7) 025( 1) 030( 1) 026( 1) -001( 1) 008( 1) -004( 1) 
C(8) 026( 1) 027( 1) 027( 1) -002( 1) 008( 1) -001( 1) 
B(9) 027( 1) 032( 1) 036( 1) 002( 1) 011( 1) -001( 1) 
B(10) 1) 038( 1) 1) 003( 1) 008( 1) 002( 1) 
B(11) 033( 1) 036( 1) 029( 1) -002( 1) 009( 1) -006( 1) 
C(71) 029( 1) 030( 1) 034( 1) 001( 1) 009( 1) -005( 1) 
C(72) 049( 2) 041( 1) 035( 1) 002( 1) 004( 1) -003( 1) 
C(73) 044( 2) 050( 2) 051( 2) 016( 1) -003( 1) 001( 1) 
C(74) 038( 1) 036( 1) 078( 2) 006( 1) 013( 1) 002( 1) 
C(75) 039( 1) 038( 1) 060( 2) -007( 1) 016( 1) 002( 1) 
C(76) 033( 1) 036( 1) 038( 1) -005( 1) 009( 1) -001( 1) 
C(81) 023( 1) 024( 1) 033( 1) 002( 1) 006( 1) -001( 1) 
 036( 1) 036(1) 033(1) 001(1) 006( 1) 000( 1) 
 031( 1) 1) 044( 1) 004( 1) -004( 1) -004( 1) 
C(84) 025( 1) 048( 2) 063( 2) 010( 1) 006( 1) 001( 1) 
 031(1) 041(1) 056(2) 002(1) 017(1) 003(1) 
 028( 1) 035( 1) 039( 1) -002( 1) 010( 1) -002( 1) 
N 031( 1) 031( 1) 034( 1) 000( 1) 012( 1) -002( 1) 
C(1) 040( 1) 046( 2) 061( 2) -004( 1) 020( 1) -013( 1) 
C(2) 042( 1) 044( 2) 038( 1) -002( 1) 015( 1) 007( 1) 
C(3) 045( 1) 036( 1) 1) 006( 1) 014( 1) 003( 1) 
C(4) 045( 1) 045( 1) 032( 1) 000( 1) 016( 1) -002( 1) 
152 
Table 6.6 (cont.) 
U11 U22 U33 U23 U13 U12 
C(41) 038( 1) 044( 1) 035( 1) -007( 1) 009( 1) 002( 1) 
C(42) 050( 2) 049( 2) 048( 2) -009( 1) 005( 1) 008( 1) 
C(43) 037( 2) 086( 3) 069( 2) -025( 2) 008( 1) 006( 2) 
C(44) 047( 2) 079( 3) 1 13( 3) -041( 2) 020( 2) -023( 2) 
C(45) 054( 2) 052( 2) 120( 3) -029( 2) 018( 2) -01 1( 2) 
C(46) 042( 2) 045( 2) 077( 2) -019( 1) 013( 1) 002( 1) 
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Table 6.7 Fractional Co-ordinates and Equivalent Isotropic Thermal Parameters 
(Al) for Non-H Atoms in 3-( 6-p-cym)- 1 ,2-Ph2-3,1 ,2-pseudocloso-RuC 2B9H9, 4 
X y Z Ueq 
C(l) 0.3193(4) 0.05559(18) 0.1774(3) 0.0336(20) 
C(2) 0.3135(5) 0.17050(22) 0.1171(3) 0.0330(23) 
Ru(3) 0.25000 0.14050( 1) 0.25000 0.0308( 1) 
 0.1431( 5) 0.04683(23) 0.1916(3) 0.0372(23) 
 0.2116(6) 0.02031(24) 0.0861(3) 0.0392(24) 
 0.3317( 5) 0.09125(23) 0.0684( 3) 0.0374(24) 
 0.1353(6) 0.1890(3) 0.1159(4) 0.037(3) 
 0.0273(5) 0.12108(23) 0.1529(4) 0.040(3) 
 0.0217( 6) 0.05243(25) 0.0720( 4) 0.045( 3) 
 0.1382(5) 0.07525(25) -0.0080( 3) 0.0423(25) 
 0.2045(5) 0.15706(25) 0.0127(4) 0.0406(24) 
 0.0176( 6) 0.13378(24) 0.0284( 4) 0.044( 3) 
 0.4333( 6) -0.03713(21) 0.2881( 3) 0.0496(25) 
 0.5604( 8) -0.07245(25) 0.3354( 4) 0.062( 3) 
 0.7047( 7) -0.0569( 3) 0.3247( 4) 0.062( 3) 
 0.7238( 7) -0.0051( 3) 0.2658( 5) 0.062( 4) 
 0.6019(5) 0.03147(25) 0.2196(3) 0.0458(25) 
C(11) 0.4536(5) 0.01648(20) 0.2288(3) 0.0384(21) 
 0.5797( 5) 0.20413(25) 0.0996( 3) 0.0488(25) 
 0.6949( 6) 0.2510( 3) 0.1060(4) 0.063( 3) 
 0.6731(6) 0.3161(3) 0.1322(4) 0.063(3) 
 0.5347(6) 0.3326(3) 0.1534(4) 0.062(3) 
 0.4187( 6) 0.28616(22) 0.1494(4) 0.052( 3) 
C(21) 0.4406(5) 0.21993(21) 0.1233(3) 0.0374(22) 
 0.1421(6) 0.20433(24) 0.3519(3) 0.050(3) 
 0.1531(7) 0.13708(25) 0.3823(3) 0.046(3) 
 0.2921(5) 0.10372(21) 0.3999(3) 0.0411(23) 
 0.4308(5) 0.13724(20) 0.3981(3) 0.0410(24) 
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Table 6.7 (cont) 
X y Z Ueq 
 0.4184( 6) 0.20228(24) 0.3626( 3) 0.043( 3) 
 0.2761( 5) 0.23 520(22) 0.3368( 3) 0.0465(25) 
C(311) -0.0074(7) 0.2408(3) 0.3322(4) 0.068(4) 
 0.5805( 5) 0.10283(24) 0.4360( 3) 0.0473(25) 
 0.7191(6) 0.1379(3) 0.4129(4) 0.063(3) 
 0.5963( 6) 0.0944( 3) 0.5442( 3) 0.063( 3) 
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Table 6.8 Co-ordinates of H Atoms in 4 
x y z 
H(121) 0.331( 7) -0.053( 3) 0.295( 4) 
H(131) 0.544( 7) -0.100( 3) 0.370( 4) 
H(141) 0.782( 7) -0.081( 3) 0.351( 4) 
H(151) 0.805( 8) 0.004( 3) 0.251(4) 
H(161) 0.611(7) 0.062(3) 0.184(4) 
H(221) 0.586( 7) 0.162( 3) 0.073( 4) 
H(231) 0.786( 6) 0.237( 3) 0.084( 4) 
H(241) 0.749(7) 0.3535(25) 0.131(4) 
H(251) 0.519(7) 0.365(3) 0.173(4) 
H(261) 0.331(7) 0.299(3) 0.162(4) 
H(3 11) -0.0958( 7) 0.2085( 3) 0.3483( 4) 
 -0.0350( 7) 0.2550( 3) 0.2574(4) 
 0.0008( 7) 0.2849( 3) 0.3765( 4) 
 0.7364( 6) 0.1846( 3) 0.4514( 4) 
 0.7010(6) 0.1474(3) 0.3367(4) 
 0.8186(6) 0.1066(3) 0.4342(4) 
 0.6071(6) 0.1429(3) 0.5782(3) 
 0.6966(6) 0.0650(3) 0.5721(3) 
 0.4965( 6) 0.0694( 3) 0.5591( 3) 
 0.111(6) 0.014(3) 0.247(4) 
 0.244( 6) -0.033( 3) 0.067( 4) 
 0.440( 6) 0.080( 3) 0.041( 4) 
 0.091(6) 0.243(3) 0.118(4) 
 -0.074(7) 0.1302(24) 0.182(4) 
 -0.089( 6) 0.021( 3) 0.056( 4) 
 0.119(6) 0.052( 3) -0.089( 4) 
H(1 1) 0.225( 6) 0.188(3) -0.045( 4) 
H(12) -0.081( 7) 0.158( 3) -0.025(4) 
H(321) 0.066( 7) 0.113(3) 0.379( 4) 
H(331) 0.310(6) 0.051(3) 0.421(4) 
H(351) 0.486( 7) 0.225( 3) 0.348( 4) 
H(361) 0.277(6) 0.280(3) 0.311(4) 
H(341) 0.573( 7) 0.068( 3) 0.412( 4) 
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Table 6.9 Anisotropic Thermal Parameters (x10 3 C, B; x104 Ru) (A2) for 4 
U11 U22 U33 U23 U13 U12  
C(l) 38(2) 32(2) 30(2) 00(1) 08(2) -02(2) 
C(2) 38( 2) 24( 2) 36( 2) 06( 2) 1 1( 2) 02( 2) 
Ru(3) 317(1) 301( 1) 296( 1) -021( 2) 068( 1) -044( 2) 
 38(2) 35(2) 36(2) -03(2) 07(2) -05(2) 
 42( 2) 37( 2) 37( 2) -04( 2) 09( 2) 00( 2) 
 39(2) 40(2) 33(2) 02(2) 10(2) 01(2) 
 30(2) 38(3) 43(3) 00(2) 07(2) 01(2) 
 29( 2) 35( 2) 53( 3) -05( 2) 04( 2) -04( 2) 
B(9) 38( 2) 43( 2) 49( 3) -07( 2) 00( 2) -04( 2) 
B(10) 44( 2) 48( 2) 32( 2) -05( 2) 2) 2) 
 37(2) 43(2) 39(2) 08(2) 03(2) 01(2) 
 36( 2) 50( 3) 41( 3) -02(2) -03(2) -02(2) 
 61(3) 37(2) 47(2) 02(2) 07(2) 00(2) 
 93(4) 39(2) 49(3) 13(2) 00(3) 10(3) 
 61( 3) 60( 3) 59( 3) 00( 2) -07( 3) 20( 3) 
 45(4) 71(3) 65(4) 01(3) 01(3) 13(2) 
 40(2) 54(3) 41(2) 05(2) 05(2) 01(2) 
C(1 1) 46( 2) 37( 2) 30( 2) -06(2) 04( 2) -01( 2) 
 41(2) 50(2) 54(3) 07(2) 11(2) -02(2) 
 41(3) 65(3) 82(4) 16(3) 17(2) -05(2) 
 49(3) 59(3) 77(4) 18(3) 11(3) -19(2) 
 59(3) 41(2) 84(4) 03(3) 09(3) -10(2) 
 44( 2) 42( 2) 68( 3) 05( 2) 20( 2) -05( 2) 
C(21) 33(2) 42(2) 35(2) 08(2) 01(2) -01(2) 
 57(3) 43(2) 49(3) -16(2) 19(2) 00(2) 
 53( 3) 49( 3) 35( 2) -08( 2) 16( 2) -06( 2) 
 52(3) 43(2) 27(2) -02(2) 11(2) -07(2) 
 50( 2) 42( 2) 30( 2) -07( 2) 14( 2) -08( 2) 
 49(3) 41(2) 36(2) -07(2) 05(2) -12(2) 
 58( 3) 37( 2) 42( 2) -10( 2) 07( 2) -01( 2) 
C(311) 60(3) 71(3) 73(4) -21(3) 23(3) 11(3) 
 48( 2) 47( 2) 44( 2) -05( 2) 03( 2) -07( 2) 
 46( 3) 74( 3) 67( 3) 01( 3) 07( 2) -1 1( 2) 
 64( 3) 74( 3) 48( 3) 08( 2) 2) -07( 3) 
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Table 6.10 Fractional Co-ordinates and Equivalent Isotropic Thermal 
Parameters (A2) for Non-H Atoms in 
3-(ri6-C6IL)-  1 ,2-Ph2-3,1 ,2-pseudocloso-RuC 2B9H9, 5 
X y Z Ueq 
Ru(3) 0.19296(4) 0.25000 0.16361(6) 0.0315(3) 
C(1) 0.1667(3) 0.1528(3) 0.3343( 5) 0.03 17(25) 
 0.02174(19) 0.10287(22) 0.3563(4) 0.048(3) 
 -0.04038(19) 0.03146(22) 0.3391(4) 0.061(4) 
 -0.02517(19) -0.06682(22) 0.2831(4) 0.061(4) 
 0.05216(19) -0.09371(22) 0.2442(4) 0.069(4) 
 0.11428(19) -0.02230(22) 0.2613(4) 0.054(4) 
C(11) 0.09907(19) 0.07599(22) 0.3174(4) 0.035(3) 
 0.0929( 5) 0.1950(7) 0.0238(7) 0.079( 5) 
 0.1609(7) 0.1420(6) -0.0059(7) 0.071( 5) 
 0.2271( 6) 0.1959( 8) -0.0428( 7) 0.087( 6) 
 0.2584(4) 0.1313( 5) 0.2832(6) 0.037(3) 
 0.2266(4) 0.1351(5) 0.4612(7) 0.040(4) 
 0.1614( 5) 0.25000 0.4581( 8) 0.029( 4) 
 0.3127(6) 0.25000 0.2559( 9) 0.039( 5) 
 0.3236( 3) 0.1823( 5) 0.4150( 7) 0.038(4) 
 0.2662(6) 0.25000 0.5336(10) 0.042(5) 
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Table 6.11 Co-ordinates of 11 Atoms in 5 
x  
 0.00997(19) 
 - 0.10025(19) 





 0.270( 4) 
11(4) 0.270(4) 


























- 0.006( 6) 








Table 6.12 Anisotropic Thermal Parameters (x10 3 C, B; x104 Ru) (A2)  for 5 
U11 U22 U33 U23 U13 U12 
Ru(3) 339(3) 307(3) 298(3) 000 006(4) 000 
C(1) 33( 3) 28( 2) 34( 2) -02( 3) -02( 3) 02( 2) 
 35( 3) 36( 3) 73( 4) 07( 3) -02( 3) -07( 2) 
 41(3) 60(4) 82(5) 18(4) -16(4) -12(3) 
 70(5) 58(4) 55(4) 11(3) -18(4) -35(4) 
 90(5) 44(3) 72(4) -17(4) 18(4) -21(4) 
 66(4) 35(3) 61(4) -12(3) 14(4) -11(3) 
C(11) 37(3) 34(3) 35(3) 07(2) -03(3) -08(2) 
 75( 5) 125( 7) 37( 3) 10( 4) -25( 4) -46( 5) 
 120( 7) 54( 4) 39( 4) -1 1( 3) -16( 5) 04( 5) 
 102( 6) 132( 8) 27( 3) -10( 4) 09( 4) 49( 6) 
B(4) 33(4) 39(3) 40(3) -02(3) 00(3) 02(3) 
B(S) 45(4) 32(3) 43(4) 03(3) -03(3) 04(3) 
B(6) 29( 4) 34( 4) 24( 4) 00 03( 4) 00 
 33( 5) 40( 4) 43( 5) 00 01( 5) 00 
 24(4) 45(4) 46(4) 02(3) -05(3) 05(3) 
 41(6) 51(6) 34(5) 00 -06(5) 00 
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Table 6.13 Fractional Co-ordinates and Equivalent Isotropic Thermal 
Parameters (A2)  for Non-H Atoms in 
3-( 6-p-cym)-1-Ph-2-Me-3,1,2-closo-RuC 2B9H9, 6 
X y Z Ueq 
C(la) 0.0932(5) 0.0889(4) 0.1179(9) 0.0346(13) 
C(2a) 0.1741(6) 0.0743(5) 0.3083(9) 0.0453(13) 
Ru(3a) 0.06136( 4) 0.00000 0.26946( 7) 0.0232( 3) 
B(4a) 0.0795( 5) 0.0118(4) 0.0014( 8) 0.0257(13) 
B(5a) 0.1467( 5) 0.0823( 5) -0.0446( 9) 0.0358(13) 
B(6a) 0.2036( 6) 0.1224( 5) 0.1448( 9) 0.0373(13) 
B(7a) 0.2125(6) -0.0111(5) 0.3136(9) 0.0350(13) 
B(8a) 0.1551(6) -0.0514(5) 0.1215(9) 0.0354(13) 
B(9a) 0.1889(6) -0.0057(5) -0.0455(9) 0.0384(13) 
13(10a) 0.2683( 6) 0.0622( 6) 0.0369( 9) 0.0409(13) 
B(1 la) 0.2778( 6) 0.0579( 6) 0.2596( 9) 0.0496(13) 
B(12a) 0.2690(6) -0.0196(5) 0.1433(10) 0.0431(13) 
C(12a) 0.0360(3) 0.2101(3) 0.1901(6) 0.0637(13) 
C(13a) -0.0335(3) 0.2610(3) 0.1675(6) 0.1068(13) 
C(14a) -0.1184(3) 0.2472(3) 0.0603(6) 0.1188(13) 
C(15a) -0.1339(3) 0.1825(3) -0.0243(6) 0.0863(13) 
C(16a) -0.0644(3) 0.1315(3) -0.0017(6) 0.0586(13) 
C(lla) 0.0205(3) 0.1453(3) 0.1054(6) 0.0428(13) 
C(21a) 0.1737(6) 0.1177(5) 0.4746(8) 0.0513(13) 
C(31a) -0.0547(5) 0.0357(4) 0.4078(8) 0.03 11(13) 
C(32a) 0.0130( 5) -0.0009( 4) 0.5194( 8) 0.0352(13) 
C(33a) 0.0427( 6) -0.0706( 4) 0.4844( 9) 0.0427(13) 
C(34a) 0.0009( 5) -0.1018( 4) 0.3289( 9) 0.0391(13) 
C(35a) -0.0639( 4) -0.0652( 4) 0.2099( 8) 0.0260(13) 
C(36a) -0.0921( 5) 0.0031(4) 0.2510( 8) 0.0327(13) 
C(37a) -0.0910(6) 0.1055(5) 0.4442(10) 0.0582(13) 
C(40a) 0.0242(6) -0.1787(4) 0.2910(10) 0.0505(13) 
C(41a) 0.1128(7) -0.2046(5) 0.4023(10) 0.0651(13) 
C(44a) -0.0552( 7) -0.2262( 5) 0.3005(10) 0.0697(13) 
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Table 6.13 (cont.) 
X y Z Ueq 
C(lb) 0.4055( 5) 0.3704( 5) 0.4026( 8) 0.0382(13) 
C(2b) 0.3359( 5) 0.3646( 4) 0.2049( 9) 0.0321(13) 
Ru(3b) 0.43561(4) 0.45002( 3) 0.22747( 8) 0.0259( 3) 
B(4b) 0.4029( 5) 0.4578( 4) 0.4797( 8) 0.0282(13) 
B(5b) 0.3359( 6) 0.3842( 5) 0.5536( 9) 0.0397(13) 
B(6b) 0.2970(6) 0.3316(6) 0.3889(10) 0.0485(13) 
B(7b) 0.2858( 5) 0.4461( 5) 0.1433(9) 0.03 15(13) 
B(8b) 0.3238( 6) 0.5067( 5) 0.3219(10) 0.0423(13) 
B(9b) 0.2840( 7) 0.4696( 6) 0.5029(10) 0.0493(13) 
B(lOb) 0.2270( 6) 0.3908( 6) 0.4378(10) 0.0487(13) 
B(l1b) 0.2238(6) 0.3770(5) 0.2241(10) 0.0440(13) 
B(12b) 0.2158( 6) 0.4612( 6) 0.2973(10) 0.0484(13) 
C(12b) 0.4828(3) 0.24912(23) 0.4123(5) 0.0451(13) 
C(13b) 0.5577(3) 0.20512(23) 0.4741(5) 0.0674(13) 
C(14b) 0.6337(3) 0.23 130(23) 0.5899( 5) 0.0666(13) 
C(15b) 0.6349( 3) 0.30 147(23) 0.6439( 5) 0.0581(13) 
C(16b) 0.5600( 3) 0.34546(23) 0.5820( 5) 0.0374(13) 
C(llb) 0.4839(3) 0.31929(23) 0.4662(5) 0.0375(13) 
C(21b) 0.3495( 6) 0.3102( 4) 0.0776( 9) 0.0427(13) 
C(31b) 0.5744(5) 0.4167(4) 0.1564(8) 0.0336(13) 
C(32b) 0.5091( 5) 0.4280( 4) 0.0088( 9) 0.0343(13) 
C(33b) 0.4631( 5) 0.4920( 5) -0.0171( 8) 0.0380(13) 
C(34b) 0.4790( 5) 0.5494( 5) 0.1068(9) 0.0495(13) 
C(35b) 0.5385( 5) 0.5333( 4) 0.2501( 9) 0.0373(13) 
C(36b) 0.5884( 5) 0.4703( 5) 0.2826( 9) 0.0421(13) 
C(37b) 0.6328(6) 0.3503(5) 0.1847(10) 0.0632(13) 
C(40b) 0.4323(6) 0.6181(5) 0.0722(10) 0.0639(13) 
C(41b) 0.3479(7) 0.6186(6) -0.0726(1 1) 0.0954(13) 
C(44b) 0.5015(7) 0.6723(6) 0.0507(12) 0.1109(13) 
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Table 6.14 Co-ordinates of H Atoms in 6 
x y z 
H(4a) 0.00731 -0.00198 -0.05894 
H(5a) 0.11168 0.11936 -0.14378 
H(6a) 0.20627 0.17983 0.16922 
H(7a) 0.21934 -0.03514 0.44225 
H(8a) 0.12564 -0.10421 0.13304 
H(9a) 0.17999 -0.03430 -0.16922 
H(10a) 0.32503 0.07924 -0.02440 
H(lla) 0.33061 0.07878 0.36302 
H(12a) 0.32467 -0.05840 0.17545 
H(02a) 0.1017(3) 0.2208(3) 0.2730(6) 
H(03a) -0.0216(3) 0.3112(3) 0.2330(6) 
H(04a) -0.1722( 3) 0.2867( 3) 0.0429( 6) 
H(05a) -0.1996(3) 0.1718(3) -0.1073(6) 
H(06a) -0.0763( 3) 0.0814( 3) -0.0672( 6) 
H(21a) 0.1036(6) 0.1260(5) 0.4898(8) 
H(22a) 0.2066( 6) 0.1682(5) 0.4662( 8) 
H(23a) 0.2111(6) 0.0888( 5) 0.5836(8) 
H(32a) 0.0450( 5) 0.0242( 4) 0.6383( 8) 
H(33a) 0.0953( 6) -0.0979( 4) 0.5748( 9) 
H(35a) -0.0928( 4) -0.0888( 4) 0.0872( 8) 
H(36a) -0.1434(5) 0.0308(4) 0.1589( 8) 
H(37a) -0.0554(6) 0.1233(5) 0.5690(10) 
H(38a) -0.1639(6) 0.1013(5) 0.4432(10) 
H(39a) -0.0800( 6) 0.1429( 5) 0.3476(10) 
H(40a) 0.0360(6) -0.1799(4) 0.1613(10) 
H(41a) 0.1682(7) -0.1687(5) 0.3914(10) 
H(42a) 0.1288(7) -0.2566( 5) 0.3607(10) 
H(43a) 0.1049(7) -0.2069( 5) 0.5344(10) 
H(44a) -0.1169(7) -0.2058(5) 0.2192(10) 
H(45a) -0.0650( 7) -0.2288( 5) 0.43 15(10) 
H(46a) -0.0410( 7) -0.2785( 5) 0.2578(10) 
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Table 6.14 (cont.) 
x y z 
H(4b) 0.46901 0.48169 0.54112 
H(5b) 0.36427 0.35859 0.67743 
H(6b) 0.29848 0.27369 0.39552 
H(7b) 0.27910 0.46054 0.00791 
H(8b) 0.34163 0.56011 0.28495 
H(9b) 0.27287 0.50936 0.59750 
H(10b) 0.16964 0.37294 0.49656 
H(llb) 0.17579 0.34965 0.11899 
H(12b) 0.15119 0.48200 0:23034 
H(02b) 0.4239( 3) 0.22885(23) 0.3226( 5) 
H(03b) 0.5568(3) 0.15080(23) 0.4324( 5) 
H(04b) 0.6917(3) 0.19724(23) 0.6378(5) 
H(05b) 0.6937( 3) 0.32174(23) 0.7335( 5) 
H(06b) 0.5609( 3) 0.39979(23) 0.6238( 5) 
H(21b) 0.4220( 6) 0.3059( 4) 0.0741( 9) 
H(22b) 0.3115(6) 0.3254( 4) -0.0476( 9) 
H(23b) 0.3246(6) 0.2598(4) 0.1130(9) 
H(32b) 0.4935( 5) 0.3868( 4) -0.0866( 9) 
H(33b) 0.4132( 5) 0.4997( 5) -0.1348( 8) 
H(35b) 0.5486( 5) 0.5723( 4) 0.3512( 9) 
H(36b) 0.6371( 5) 0.4630( 5) 0.4020( 9) 
H(37b) 0.6130(6) 0.3153( 5) 0.0763(10) 
H(38b) 0.6222(6) 0.3241(5) 0.3000(10) 
H(39b) 0.7047(6) 0.3641(5) 0.1981(10) 
H(40b) 0.4023(6) 0.6304(5) 0.1820(10) 
H(41b) 0.2999( 7) 0.5784( 6) -0.0504(11) 
H(42b) 0.3692( 7) 0.6082( 6) -0.1926(11) 
H(43b) 0.3150(7) 0.6697(6) .0.0785(1 1) 
H(44b) 0.4682( 7) 0.7230( 6) 0.0253(12) 
H(45b) 0.5333( 7) 0.6578( 6) -0.0554(12) 
H(46b) 0.5535( 7) 0.6754(6) 0.1669(12) 
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Table 6.15 Anisotropic Thermal Parameters (x10 C, B; x10 4 Ru) (A2)  for 6 
U11 U22 U33 U23 U13 U12 
C(la) 037( 1) 018( 1) 050( 1) 011( 1) 023( 1) -013( 1) 
C(2a) 057( 1) 046( 1) 034( 1) -019( 1) 023( 1) -019( 1) 
Ru(3a) 0242(3) 0218(3) 0223(3) -0003(3) 0037(2) -0028(3) 
B(4a) 031( 1) 027( 1) 019( 1) 002( 1) 006( 1) 005( 1) 
B(5a) 024( 1) 054( 1) 029( 1) 007( 1) 010( 1) 012( 1) 
B(6a) 035( 1) 039( 1) 039( 1) -013( 1) 018( 1) -020( 1) 
B(7a) 037( 1) 045( 1) 020( 1) -001( 1) -005( 1) -005( 1) 
B(8a) 042( 1) 026( 1) 037( 1) 008( 1) 016( 1) 003( 1) 
B(9a) 042( 1) 046( 1) 028( 1) -009( 1) 018( 1) 007( 1) 
B(lOa) 043( 1) 059( 1) 020( 1) 003( 1) 008( 1) -009( 1) 
B(lla) 033( 1) 080( 1) 032( 1) 008( 1) -007( 1) -020( 1) 
B(12a) 022( 1) 056( 1) 051( 1) 009( 1) 015( 1) 008( 1) 
C(12a) 091( 1) 050( 1) 052( 1) 015( 1) 039( 1) 012( 1) 
C(13a) 197( 1) 034( 1) 101( 1) 030( 1) 110(1) 041( 1) 
C(14a) 133( 1) 089( 1) 144( 1) 087( 1) 100( 1) 063( 1) 
C(15a) 065( 1) 109( 1) 087( 1) 070( 1) 039( 1) 045( 1) 
C(16a) 046( 1) 057( 1) 073( 1) 035( 1) 029( 1) 022( 1) 
C(lla) 054( 1) 1) 046( 1) 015( 1) 034( 1) 007( 1) 
C(21a) 076( 1) 055( 1) 021( 1) -022( 1) 013( 1) -038( 1) 
C(31a) 027( 1) 031( 1) 035( 1) -007( 1) 013( 1) -006( 1) 
C(32a) 044( 1) 1) 028( 1) -002( 1) 010( 1) 003( 1) 
C(33a) 052( 1) 040( 1) 036( 1) 002( 1) 017( 1) 002( 1) 
C(34a) 048( 1) 021( 1) 050( 1) 010( 1) 027( 1) 015( 1) 
C(35a) 023( 1) 031( 1) 021( 1) -003( 1) -005( 1) -008( 1) 
C(36a) 026( 1) 029( 1) 042( 1) 008( 1) 009( 1) -009( 1) 
C(37a) 056( 1) 035( 1) 087( 1) -012( 1) 040( 1) 000( 1) 
C(40a) 067( 1) 022( 1) 063( 1) -005( 1) 029( 1) -006( 1) 
C(41a) 084( 1) 048( 1) 064( 1) 018( 1) 028( 1) 028( 1) 
C(44a) 090( 1) 027( 1) 093( 1) -004( 1) 038( 1) -010( 1) 
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Table 6.15 (cont.) 
U1 1 U22 U33 U23 U13 U1 2 
C(lb) 030( 1) 055( 1) 027( 1) 008( 1) -002( 1) 027( 1) 
C(2b) 021( 1) 032( 1) 041( 1) -002( 1) 002( 1) -008( 1) 
Ru(3b) 0240(3) 0272(3) 0257(3) -000 1(3) 0054(2) -0022(3) 
B(4b) 035( 1) 025( 1) 023( 1) 002( 1) 003( 1) 003( 1) 
B(5b) 031( 1) 052( 1) 038( 1) 1) 021( 1) 006( 1) 
B(6b) 037( 1) 048( 1) 059( 1) 017( 1) 013( 1) -003( 1) 
B(7b) 023( 1) 042( 1) 030( 1) 005( 1) 011( 1) 001( 1) 
B(8b) 034( 1) 042( 1) 054( 1) 008( 1) 029( 1) 009( 1) 
B(9b) 039( 1) 058( 1) 050( 1) 004( 1) 013( 1) 009( 1) 
B(lOb) 032( 1) 062( 1) 052( 1) 014( 1) 018( 1) -009( 1) 
B(llb) 032(1) 050(1) 049(1) -010(1) 013(1) -018(1) 
B(12b) 030( 1) 057( 1) 056( 1) 004( 1) 006( 1) 006( 1) 
C(12b) 052( 1) 035( 1) 047( 1) 022( 1) 018( 1) 009( 1) 
C(13b) 085( 1) 044( 1) 071( 1) 022( 1) 020( 1) 011(1) 
C(14b) 062( 1) 067( 1) 070( 1) 1) 1) 015( 1) 
C(15b) 047( 1) 074( 1) 050( 1) 026( 1) 007( 1) 011( 1) 
C(16b) 028( 1) 045( 1) 038( 1) 1) 008( 1) 004( 1) 
C(llb) 045( 1) 036( 1) 032( 1) 012( 1) 015( 1) 006( 1) 
C(21b) 060( 1) 035( 1) 031( 1) -002( 1) 008( 1) -012( 1) 
C(31b) 026( 1) 036( 1) 039( 1) -003( 1) 012( 1) -002( 1) 
C(32b) 024( 1) 036( 1) 044( 1) -002( 1) 017( 1) -001( 1) 
C(33b) 030( 1) 059( 1) 025( 1) 014( 1) 009( 1) -005( 1) 
C(34b) 037( 1) 050( 1) 063( 1) 039( 1) 027( 1) 007( 1) 
C(35b) 044( 1) 021( 1) 048( 1) 001( 1) 019( 1) -001( 1) 
C(36b) 027( 1) 052( 1) 047( 1) 002( 1) 012( 1) -002( 1) 
C(37b) 056( 1) 050( 1) 085( 1) 1) 034( 1) 017( 1) 
C(40b) 062( 1) 030( 1) 100( 1) 1) 032( 1) 010( 1) 
C(41b) 062( 1) 080( 1) 137( 1) 048( 1) 005( 1) 027( 1) 
C(44b) 1) 065( 1) 203( 1) 1) 034( 1) 007( 1) 
Table 	6.16 	Fractional 	Co-ordinates 	and 	Equivalent 	Isotropic 
Thermal Parameters (U eq/A2) or Isotropic Thermal Parameters (U 1 */A2) for 
Non-H Atoms in [5,6,10-exo-{(p.R,B-H)3Ru(Cl)(PPh3)3}-10-endo-H-7,8-Ph2-7,8-
nido-C2119116] (unknown solvent), 7(unknown solvent) 
X y Z UeqfUiso 
Ru 1.14935(12) 0.23142(7) 0.04689(6) 0.0296(8) 
 0.9556( 4) 0.2385( 3) 0.04596(21) 0.039( 3) 
 1.1815(4) 0.21512(22) -0.05265(21) 0.034( 3) 
Cl 1.1507(4) 0.11502(23) 0.06947(21) 0.048(3) 
 0.9477( 9) 0.3773( 7) 0.0414( 6) 0.060(15) 
 0.8989( 9) 0.4390( 7) 0.0296( 6) 0.086(19) 
 0.7946( 9) 0.4423( 7) 0.0018( 6) 0.093(22) 
 0.7391( 9) 0.3838( 7) -0.0142( 6) 0.083(19) 
 0.7880( 9) 0.3221( 7) -0.0025( 6) 0.058(15) 
C(1 1) 0.8923( 9) 0.3188( 7) 0.0253( 6) 0.038(12) 
 0.7981(11) 0.2550( 7) 0.1360(6) 0.095(21) 
 0.7486(11) 0.2412(7) 0.1907(6) 0.114(24) 
 0.7984(11) 0.1957(7) 0.2295(6) 0.099(22) 
 0.8978(11) 0.1640(7) 0.2136(6) 0.055(15) 
 0.9473(11) 0.1779(7) 0.1590(6) 0.049(13) 
C(21) 0.8974(11) 0.2233(7) 0.1202(6) 0.042(12) 
 0.8435(11) 0.1190(7) 0.0227( 4) 0.073(17) 
 0.7942(11) 0.0711(7) -0.0140( 4) 0.084(19) 
 0.7824(11) 0.0833(7) -0.0747(4) 0 . 059(6)* 
 0.8197(11) 0.1433( 7) -0.0988( 4) 0.060(15) 
 0.8690(11) 0.1911(7) -0.0621(4) 0.046(13) 
C(3 1) 0.8808(11) 0.1790( 7) -0.0014( 4) 0.039(12) 
 1.0873(10) 0.0885( 6) -0.0688( 5) 0.050(14) 
 1.0690(10) 0.0293( 6) -0.0998( 5) 0.056(15) 
 1.1294(10) 0.0158(6) -0.1513(5) 0.066(16) 
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Table 6.16 (cont.) 
X y Z Ueq 
 1.2083(10) 0.0615( 6) -0.1717( 5) 0.096(22) 
 1.2266(10) 0.1207(6) -0.1408( 5) 0.062(15) 
C(41) 1.1661(10) 0.1342(6) -0.0893(5) 0.044(13) 
 1.4073(12) 0.1865(6) -0.0462( 5) 0.060(15) 
 1.5202(12) 0.1949(6) -0.0594( 5) 0.090(22) 
 1.5542(12) 0.2479( 6) -0.0951( 5) 0.087(21) 
 1.4753(12) 0.2926(6) -0.1175(5) 0.074(18) 
 1.3623(12) 0.2841(6) -0.1043(5) 0.051(14) 
C(51) 1.3283(12) 0.2311(6) -0.0686(5) 0.039(11) 
 1.0921(10) 0.3377(6) -0.0886(4) 0.041(13) 
 1.0374(10) 0.3811(6) -0.1275(4) 0.064(15) 
 0.9967(10) 0.3577( 6) -0. 1818( 4) 0.070(17) 
 1.0107(10) 0.2909(6) -0.1972(4) 0.078(18) 
 1.0654(10) 0.2475( 6) -0.1584( 4) 0.062(15) 
C(61) 1.1061(10) 0.2710(6) -0.1041(4) 0.036(10) 
 1.3391(18) 0.2600(10) 0.1657(9) 0.041(13) 
 1.2633(17) 0.3223(10) 0.1993(10) 0.04 1(14) 
 1.4065(17) 0.3351(10) 0.1878(10) 0.041(14) 
 1.4468(17) 0.2931(10) 0.1214(10) 0.040(13) 
 1.3236(17) 0.2686(12) 0.0890( 9) 0.043(13) 
 1.2102(16) 0.2863(10) 0.1366(9) 0.039(13) 
 1.3136(14) 0.3958( 8) 0.1684(7) 0.033(11) 
 1.4219(15) 0.3792(9) 0.1239( 8) 0.044(12) 
 1.3846(17) 0.3420( 9) 0.0605(10) 0.038(13) 
 1.2302(16) 0.3337(11) 0.0703( 9) 0.038(13) 
B(1 1) 1.1978(16) 0.3728(10) 0.1428(9) 0.034(12) 
 1.4991(10) 0.4833( 6) 0.0826( 5) 0.050(13) 
 1.5788(10) 0.5340(6) 0.0811(5) 0.072(17) 
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Table 6.16 (cont) 
X 3' Z Ueq 
 1.6715(10) 0.5315(6) 0.1188(5) 0.083(20) 
 1.6847(10) 0.4782(6) 0.1580( 5) 0.097(21) 
 1.6050(10) 0.4275(6) 0.1595( 5) 0.069(16) 
C(81) 1.5122(10) 0.4300(6) 0.1219(5) 0.038(11) 
 1.2802(11) 0.5185( 7) 0.1689(4) 0.059(15) 
 1.2795(11) 0.5805(7) 0.1969(4) 0.076(18) 
 1.3170(11) 0.5864(7) 0.2554(4) 0.076(18) 
 1.3551(11) 0.5303(7) 0.2860(4) 0.074(17) 
 1.3558(11) 0.4683(7) 0.2580(4) 0.061(15) 
C(71) 1.3184(11) 0.4624(7) 0.1995(4) 0.042(12) 
Table 6.17 Fractional Co-ordinates and Occupancy (K) of the Solvent atoms in 
7(unknown solvent) 
x y z K 
 0.52727 -0.02160 0.26527 0.84 
 0.54947 -0.15746 0.24907 0.84 
 0.47886 0.02173 0.06563 0.52 
 0.58612 0.11164 0.14292 0.50 
 0.42624 0.08063 0.11076 0.39 
 0.47288 -0.10040 0.19535 0.35 
 0.49200 -0.01025 0.22690 0.23 
 0.48796 0.03925 0.04439 0.22 
 0.44100 0.01068 0.16917 0.21 
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Table 6.18 Fractional Co-ordinates of H atoms in 7(unknown solvent) 
x y z 
H(12 1) 1.0285(9) 0.3748(7) 0.0629(6) 
H(13 1) 0.9418(9) 0.4843(7) 0.0420(6) 
H(141) 0.7568(9) 0.4901(7) -0.0073(6) 
H(1 51) 0.6584(9) 0.3863(7) -0.0358(6) 
H(1 61) 0.7450(9) 0.2768(7) -0.0149(6) 
H(221) 0.7595(11) 0.2902(7) 0.1060(6) 
H(23 1) 0.6717(11) 0.2657(7) 0.2029(6) 
H(241) 0.7601(11) 0.1850(7) 0.2718(6) 
H(251) 0.9363(11) 0.1289(7) 0.2437(6) 
H(261) 1.0242(11) 0.1534(7) 0.1468(6) 
H(321) 0.8527(11) 0.1096(7) 0.0697(4) 
H(33 1) 0.7653(11) 0.0247(7) 0.0047(4) 
H(341) 0.7442(11) 0.0462(7) -0.1031(4) 
H(351) 0.8105(11) 0.1527(7) -0.1458(4) 
H(361) 0.8979(11) 0.2376(7) -0.0808(4) 
H(42 1) 1.0404(10) 0.0990(6) -0.0290(5) 
H(43 1) 1.0079(10) -0.0061(6) -0.0840(5) 
H(441) 1.1152(10) -0.0301(6) -0.1753(5) 
H(451) 1.2551(10) 0.0510(6) -0.2116(5) 
H(461) 1.2876(10) 0.1560(6) -0.1566(5) 
H(521) 1.3810(12) 0.1454(6) -0.0186(5) 
H(53 1) 1.5814(12) 0.1603(6) -0.0420(5) 
H(541) 1.6417(12) 0.2544(6) -0.1053(5) 
H(55 1) 1.5016(12) 0.3336(6) -0.1451(5) 
H(561) 1.3012(12) 0.3187(6) -0.1217(5) 
H(621) 1.1237(10) 0.3559(6) -0.0466(4) 
H(63 1) 1.0266(10) 0.4328(6) -0.1155(4) 
H(641) 0.9543(10) 0.3913(6) -0.2119(4) 
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Table 6.18 (cont.) 
x y z 
H(65 1) 0.9792(10) 0.2728(6) -0.2393(4) 
H(661) 1.0763(10) 0.1958(6) -0.1703(4) 
 1.35473 0.21209 0.18847 
 1.22513 0.31876 0.24390 
 1.46521 0.34154 0.22438 
 1.52870 0.26982 0.11278 
 1.32512 0.22803 0.05584 
 1.12980 0.26044 0.13855 
 1.42042 0.35280 0.01816 
 1.17194 0.33715 0.03204 
H(lOb) 1.27561 0.38328 0.05059 
 1.10289 0.39385 0.13741 
 1.4273(10) 0.4853(6) 0.0535(5) 
 1.5686(10) 0.5753(6) 0.0508(5) 
 1.7332(10) 0.5707(6) 0.1176(5) 
 1.7565(10) 0.4762(6) 0.1872(5) 
 1.6152(10) 0.3862(6) 0.1899(5) 
 1.2512(11) 0.5139(7) 0.1236(4) 
 1.2500(11) 0.6239(7) 0.1732(4) 
 1.3165(11) 0.6344(7) 0.2771(4) 
 1.3842(11) 0.5349(7) 0.3313(4) 
 1.3854(11) 0.4249(7) 0.2817(4) 
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Table 6.19 Anisotropic Thermal Parameters (x10 3 C, B, P, Cl; x104 Ru) (A2)  for 
7(unknown solvent) 
U11 U22 U33 U23 U13 U1 2 
Ru 294(8) 306(8) 288(8) 022(9) -004(6) -037(8) 
 36(3) 42(3) 38(3) -04(3) -03(2) 00(3) 
 34(3) 28(3) 42(3) -01(2) 02(2) -03(2) 
Cl 57(3) 40(3) 46(3) 11(2) -02(3) -07(3) 
 47(13) 49(14) 83(17) -13(12) -15(12) 11(11) 
 96(20) 54(16) 106(21) -36(15) -26(17) 27(14) 
 96(22) 68(19) 114(24) 03(17) -39(18) 25(16) 
 77(18) 70(18) 101(21) 20(16) -25(15) 21(15) 
 33(12) 61(15) 81(17) -01(12) -17(11) 12(11) 
C(11) 54(13) 31(12) 28(11) 01(9) 10(10) 00(10) 
 69(17) 176(3 1) 42(14) 03(17) 11(12) 27(18) 
 108(22) 178(32) 57(17) -04(19) 09(15) 81(22) 
 107(23) 151(27) 38(15) 23(16) 05(15) 13(20) 
 46(13) 78(17) 41(14) -04(12) 18(11) 17(12) 
 46(12) 40(12) 59(15) 31(11) 04(11) -01(10) 
C(21) 21(10) 55(13) 50(12) -08(11) 15(9) -01(10) 
 68(17) 65(17) 84(19) -23(15) -27(14) -18(13) 
 80(18) 57(17) 115(23) 31(16) 14(16) -17(14) 
 59(15) 84(17) 37(13) -16(13) -01(11) 14(13) 
 27(11) 68(14) 44(14) -15(11) 01(10) 02(10) 
C(31) 27(10) 40(13) 50(14) -03(10) 03(9) -10(9) 
 57(14) 35(12) 60(15) -10(11) -09(11) 04(11) 
 32(12) 38(13) 100(19) -08(12) -01(12') -03(10) 
 62(15) 64(16) 71(17) -43(14) 25(13) -08(13) 
 115(23) 106(24) 66(18) -47(17) 35(16) 13(19) 
 71(15) 44(13) 71(16) -38(12) 37(13) -25(11) 
C(41) 50(13) 26(11) 56(14) -19(10) 05(11) -04(10) 
 43(13) 88(18) 49(14) -06(12) 22(11) 12(13) 
 54(18) 120(25) 96(22) -13(18) -14(15) 43(16) 
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Table 6.19 (cont.) 
U11 U22 U33 U23 U13 U12 
 41(14) 147(30) 74(19) -15(18) 00(13) 07(16) 
 102(21) 60(16) 61(16) -02(12) -12(15) -07(15) 
 29(12) 74(17) 51(13) 03(12) 04(10) -24(11) 
C(51) 25(10) 53(12) 40(11) -17(12) -01(8) 03(11) 
 53(13) 36(13) 36(12) 00(10) 04(10) 03(10) 
 76(16) 51(14) 63(16) 03(12) 05(13) 30(12) 
 60(16) 87(19) 63(17) 17(14) -15(12) 09(14) 
 83(18) 94(21) 58(16) 02(14) -30(14) -01(15) 
 52(13) 79(18) 54(14) 09(12) -17(11) -15(12) 
C(61) 33(10) 49(12) 27(10) 11(10) 05(8) -04(11) 
 58(14) 25(12) 41(13) -01(10) -22(11) -02(11) 
 39(13) 35(13) 48(15) 13(11) 14(11) -20(11) 
 39(13) 40(14) 43(14) 07(11) -19(11) -03(11) 
 35(13) 37(13) 48(14) 13(11) -05(11) -02(10) 
 47(13) 41(12) 41(13) -03(13) -01(10) 18(13) 
 26(12) 44(15) 48(13) 16(11) 17(10) -06(10) 
 41(11) 28(10) 29(10) -09(8) -07(8) -01(8) 
 53(13) 40(12) 39(12) 02(10) -05(10) 00(10) 
 36(13) 21(12) 58(15) 00(10) -09(11) -11(9) 
 27(12) 67(16) 21(12) -07(11) -07(9) 14(11) 
B(1 1) 35(12) 39(13) 29(12) -10(10) -14(10) -12(10) 
 41(12) 50(13) 61(14) 23(11) -10(10) -23(10) 
 110(21) 54(15) 53(15) 05(12) 09(14) -27(14) 
 89(21) 75(19) 86(20) -13(16) 19(16) -28(15) 
 63(17) 104(21) 124(24) 11(18) -57(16) -39(16) 
 64(15) 77(17) 66(16) 33(13) -07(12) -24(13) 
C(81) 27(10) 41(12) 45(12) -12(10) -14(9) -13(9) 
 60(14) 50(14) 68(16) -25(12) -11(12) 14(12) 
 58(15) 47(15) 121(23) 15(15) 09(15) 01(12) 
 43(14) 93(20) 92(20) -50(16) -14(13) 05(13) 
 75(16) 102(20) 43(14) -39(14) -29(12) 01(15) 
 76(16) 75(17) 32(13) -01(11) -19(11) -19(13) 
C(71) 30(11) 51(13) 44(12) -23(10) 04(9) -19(9) 
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Table 6.20 Fractional Co-ordinates and Equivalent Isotropic Thermal 
Parameters (A2)  for Non-H Atoms in L(MeCN)2(PPh3)2Ru(-Cl)1 2 i7,8-Ph2-
7,8-nido-C 2B9H10]2•(CH3)2CO 3 8•(1)2•(CH3)2C0 
X y Z Ueq 
Ru 0.53335(2) 0.26422(3) 0.35811(4) 0.0220(4) 
C1(l) 0.50000 0.33470(12) 0.25000 0.0301(20) 
C1(2) 0.50000 0.19366(12) 0.25000 0.0297(20) 
 0.55233(8) 0.18131(10) 0.43999(12) 0.0264(14) 
 0.56506(8) 0.34713(10) 0.43704(12) 0.0259(15) 
 0.47009(23) 0.2670( 3) 0.3775( 3) 0.028( 4) 
 0.59554(24) 0.2608( 3) 0.3352( 3) 0.027( 4) 
 0.4365( 3) 0.2654( 4) 0.3975( 4) 0.036( 6) 
 0.6309( 3) 0.2598( 4) 0.3219( 5) 0.040( 6) 
C(S) 0.3965( 3) 0.2638( 5) 0.4272( 6) 0.069( 8) 
C(6) 0.6771( 4) 0.2594( 5) 0.3085( 7) 0.088( 9) 
 0.54012(17) 0.23983(19) 0.5666( 3) 0.027( 5) 
 0.53704(17) 0.24389(19) 0.6416(3) 0.040(6) 
 0.54757(17) 0.19434(19) 0.6910(3) 0.045(7) 
 0.56119(17) 0.14074(19) 0.6655(3) 0.045(7) 
 0.56427(17) 0.13668(19) 0.5905( 3) 0.037( 6) 
C(11) 0.55374(17) 0.18622(19) 0.5411(3) 0.025(5) 
 0.46396(20) 0.12781(21) 0.4285(3) 0.035(6) 
 0.42535(20) 0.08779(21) 0.4000( 3) 0.045( 7) 
 0.42728(20) 0.04314(21) 0.3476( 3) 0.049( 7) 
 0.46781(20) 0.03851(21) 0.3237( 3) 0.046( 7) 
 0.50642(20) 0.07853(21) 0.3522( 3) 0.040( 6) 
C(21) 0.50449(20) 0.12318(21) 0.4046(3) 0.032(6) 
 0.61568(17) 0.13 105(23) 0.37194(24) 0.034(6) 
 0.66034(17) 0.11003(23) 0.37037(24) 0.049(7) 
 0.69945(17) 0.10306(23) 0.44025(24) 0.050(7) 
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Table 6.20 (cent.) 
X y Z Ueq 
 0.69391(17) 0.11710(23) 0.51171(24) 0.045(7) 
 0.64924(17) 0.13811(23) 0.51328(24) 0.037(6) 
C(31) 0.61013(17) 0.14508(23) 0.44340(24) 0.027(5) 
 0.52803(15) 0.39758(22) 0.54834(25) 0.034( 6) 
 0.49235(15) 0.42609(22) 0.57076(25) 0.042( 6) 
 0.44819(15) 0.44244(22) 0.51416(25) 0.045(7) 
 0.43971(15) 0.43028(22) 0.43514(25) 0.035( 6) 
 0.47539(15) 0.40177(22) 0.41271(25) 0.033(6) 
C(41) 0.51954(15) 0.38542(22) 0.46931(25) 0.028( 5) 
 0.55665(16) 0.44953(24) 0.3413( 3) 0.038( 6) 
 0.57285(16) 0.48807(24) 0.2950( 3) 0.053( 7) 
 0.61897(16) 0.48029(24) 0.2893( 3) 0.060( 8) 
 0.64888(16) 0.43398(24) 0.3299( 3) 0.053( 7) 
 0.63268(16) 0.39544(24) 0.3762( 3) 0.040( 6) 
C(51) 0.58657(16) 0.40322(24) 0.3819( 3) 0.027( 6) 
 0.64411(18) 0.28929(18) 0.5482( 3) 0.030( 5) 
 0.68738(18) 0.28716(18) 0.6123( 3) 0.045( 7) 
 0.70725(18) 0.33942(18) 0.6521( 3) 0.046( 7) 
 0.68387(18) 0.39380(18) 0.6277( 3) 0.047( 7) 
 0.64060(18) 0.39593(18) 0.5635( 3) 0.038( 6) 
C(61) 0.62073(18) 0.34367(18) 0.5238( 3) 0.028( 5) 
 0.2594(4) 0.3104(4) 0.3217(6) 0.040(7) 
 0.1991(3) 0.3399(5) 0.2838(6) 0.040(7) 
 0.2259( 5) 0.3186( 6) 0.3842( 9) 0.092(13) 
 0.2863( 3) 0.3368( 5) 0.4172( 6) 0.042( 7) 
B(S) 0.3015( 3) 0.3704( 5) 0.3400( 6) 0.042( 7) 
B(6) 0.2443( 4) 0.3717( 5) 0.2559( 6) 0.046( 8) 
C(7) 0.1963(3) 0.3871(3) 0.3563(4) 0.032(5) 
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Table 6.20 (cont.) 
X y Z Ueq 
C(8) 0.2458( 3) 0.3874(3) 0.4303( 4) 0.030( 5) 
 0.2917(4) 0.4185(5) 0.4111(7) 0.051(8) 
 0.2682( 4) 0.4380( 4) 0.3084( 6) 0.042( 8) 
B(1 1) 0.2045( 4) 0.4185( 5) 0.2791( 6) 0.049( 8) 
 0.13689(20) 0.45419(22) 0.3849(3) 0.054(7) 
 0.09431(20) 0.46448(22) 0.4017(3) 0.067(8) 
C(1 14) 0.06446(20) 0.41683(22) 0.4053( 3) 0.053( 7) 
 0.07719(20) 0.35890(22) 0.3922(3) 0.045(7) 
 0.11978(20) 0.34862(22) 0.3754(3) 0.040(6) 
C(111) 0.14963(20) 0.39626(22) 0.3718(3) 0.036(6) 
 0.24636(20) 0.45398(22) 0.5402( 3) 0.050( 7) 
 0.23780(20) 0.46561(22) 0.6100( 3) 0.060( 8) 
 0.22235(20) 0.41993(22) 0.6482( 3) 0.059( 8) 
 0.21546(20) 0.36262(22) 0.6166( 3) 0.066( 9) 
 0.22401(20) 0.35098(22) 0.5468( 3) 0.049( 7) 
C(211) 0.23946(20) 0.39666(22) 0.5086(3) 0.036(6) 
C(xl) 0.10050 0.15007 0.29557 0.069(9) 
0(1) 0.06949 0.12931 0.24269 0.171(10) 
 0.1497( 5) 0.1570(8) 0.3014(10) 0.187(20) 
 0.0897(7) 0.1701(6) 0.3634(10) 0.184(20) 
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Table 6.21 Fractional Co-ordinates of H Atoms in 8.(1) 2.(CH3)2C0 
x y z 
 0.3642 0.2525 0.3806 
 0.3936 0.3090 0.4446 
 0.4006 0.2340 0.4754 
 0.6747 0.2343 0.2583 
 0.6970 0.2341 0.3595 
 0.6957 0.3004 0.3066 
 0.5320 0.2782 0.5284 
 0.5265 0.2854 0.6614 
 0.5452 0.1975 0.7491 
 0.5693 0.1024 0.7037 
 0.5748 0.0952 0.5707 
 0.4625 0.1624 0.4691 
 0.3940 0.0914 0.4185 
 0.3974 0.0122 0.3256 
 0.4693 0.0039 0.2832 
 0.5378 0.0749 0.3337 
 0.5854 0.1364 0.3178 
 0.6646 0.0992 0.3151 
 0.7340 0.0868 0.4390 
 0.7242 0.1117 0.5658 
 0.6449 0.1490 0.5686 
 0.5622 0.3849 0.5922 
 0.4989 0.4355 0.6320 
 0.4206 0.4645 0.5315 
 0.4055 0.4429 0.3913 
11(46) 0.4688 0.3924 03515 
 0.5210 0.4556 0.3458 
 0.5497 0.5239 0.2636 
11(54) 0.6315 0.5101 0.2535 
 0.6846 0.4280 0.3255 
 0.6558 0.3596 0.4076 
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Table 6.21 (cont.) 
x y z 
 0.6287 0.2488 0.5175 
 0.7055 0.2451 0.6313 
 0.7408 0.3378 0.7017 
 0.6993 0.4343 0.6584 
 0.6225 0.4380 0.5446 
 0.1600 0.4911 0.3821 
 0.0844 0.5093 0.4118 
 0.0315 0.4248 0.4183 
 0.0541 0.3220 0.3950 
 0.1296 0.3038 0.3653 
 0.2583 0.4893 0.5107 
 0.2431 0.5100 0.6345 
 0.2157 0.4290 0.7022 
 0.2035 0.3273 0.6461 
 0.2187 0.3066 0.5223 
 0.2677 0.2654 0.3053 
 0.1665 0.3183 0.2430 
 0.2109 0.2823 0.4107 
 0.3129 0.3129 0.4668 
 0.3382 0.3693 0.3368 
 0.2421 0.3715 0.1948 
 0.3193 0.4473 0.4525 
 0.2813 0.4783 0.2869 
 0.1769 0.4472 0.2377 
H(10b) 0.2443 0.4428 0.3481 
H(xl) 0.1656 0.1868 0.3501 
 0.1370 0.1822 0.2475 
 0.1768 0.1252 0.2985 
H(A) 0.1190 0.2021 0.3840 
 0.0884 0.1433 0.4121 
 0.0556 0.1934 0.3380 
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Table 6.22 Anisotropic Thermal Parameters (x10 3 C, B, N, P, Cl; x104 Ru) (AZ) 
for 8(1)2 (CH3)2C0 
U1 1 U22 U33 U23 U13 U12 
Ru 214(4) 213(3) 205(3) 001(4) 066(3) -004(4) 
C1(1) 39( 2) 23( 2) 23( 2) 00 06( 1) 00 
C1(2) 37( 2) 22( 2) 24( 2) 00 05( 1) 00 
P(1) 25( 1) 28( 1) 23( 1) 02( 1) 06( 1) 00( 1) 
P(2) 24( 1) 26( 1) 25( 1) 00( 1) 08( 1) 01( 1) 
 27(4) 25(4) 27(4) -02(4) 05(3) 02(4) 
 30(4) 19(4) 27(4) 02(3) 04(3) 00(4) 
C(3) 31(5) 38(5) 35(5) 04(5) 09(4) 12(5) 
C(4) 34( 6) 28( 5) 54( 6) 08( 5) 23( 5) 03( 5) 
C(5) 50(6) 72(7) 85(7) 36(7) 45(6) 24(6) 
C(6) 67( 8) 81( 9) 1 17( 9) 34( 8) 66( 8) 22( 7) 
 25(5) 29(5) 26(4) -01(4) 12(4) -08(4) 
 38(5) 40(6) 38(5) -08(4) 15(4) -07(4) 
 32(6) 77(8) 23(5) 04(5) 11(4) -05(5) 
 31(6) 63(7) 36(6) 28(5) .05(5) -03(5) 
 39(6) 41(6) 28(5) 09(4) 12(4) -06(4) 
C(11) 20(5) 33(5) 20(4) 02(4) 11(4) -04(4) 
 30( 5) 30( 5) 43( 6) 04( 4) 16( 5) -03( 4) 
 29( 6) 52( 7) 51( 6) 04( 5) 16( 5) -09( 5) 
C(24) 7) 46( 7) 49( 6) 04( 5) 06( 5) -17( 5) 
C(25) 53( 7) 29( 6) 48( 6) -02( 5) 15( 5) -13( 5) 
C(26) 6) 30( 5) 44( 6) -03( 5) 22( 5) -06( 5) 
C(21) 27(5) 22(5) 41(5) 14(4) 11(4) -04(4) 
C(32) 26( 5) 28( 5) 45( 6) -02( 4) 17( 4) -01( 4) 
 61(7) 24(5) 62(7) 02(5) 39(6) 08(5) 
 29( 6) 40( 6) 74( 7) 17( 5) 14( 6) 13( 5) 
 27( 6) 45( 6) 53( 7) 06( 5) -01( 5) -01( 5) 
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Table 6.22 (cont.) 
U11 U22 U33 U23 U13 U12 
C(36) 22(5) 33(5) 49(6) 01(4) 07(5) 03(4) 
C(31) 23(5) 23(5) 32(5) 04(4) 14(4) 04(4) 
C(42) 31(5) 29(5) 36(5) -01(4) 12(4) 01(4) 
C(43) 45(6) 44(6) 34(5) -01(4) 21(5) 03(5) 
C(44) 42( 6) 36( 6) 55( 6) -07( 5) 25( 5) 04( 5) 
C(45) 30(5) 35(6) 33(6) 00(4) 05(4) 01(4) 
C(46) 34(6) 31(5) 31(5) 02(4) 16(5) 04(4) 
C(41) 26( 5) 27( 5) 27( 5) -05( 4) 09( 4) 02( 4) 
C(52) 48( 6) 22( 5) 40( 5) -05( 4) 20( 5) -12( 5) 
C(53) 69( 8) 38( 6) 42( 6) 10( 5) 13( 6) -05( 5) 
C(54) 74( 8) 54( 7) 50( 7) -03( 5) 36( 6) -28( 6) 
C(55) 45( 6) 49( 7) 62( 7) 5) 34( 6) -15( 5) 
C(56) 39( 6) 27( 6) 51( 6) -06( 5) 23( 5) -08( 5) 
C(51) 37( 6) 18( 5) 24( 5) -03( 4) 14( 4) -06( 4) 
 16(5) 31(5) 36(5) 01(4) -01(4) 01(4) 
 40( 6) 42( 6) 47( 6) 08( 5) 1 1( 5) 09( 5) 
C(64) 25( 5) 65( 7) 42( 6) -10( 5) 03( 5) -02( 5) 
C(65) 36( 6) 61( 7) 37( 6) -16( 5) 06( 5) -05( 5) 
C(66) 38( 6) 34( 6) 32( 5) -06( 4) 01( 5) 03( 4) 
C(61) 28( 5) 23( 5) 28( 5) -07( 4) 06( 4) -07( 4) 
B(1) 39(7) 29(6) 51( 7) -04(5) 24( 5) 01( 5) 
B(2) 32( 6) 46( 7) 35( 6) -07( 5) 08( 5) 07( 5) 
B(3) 108(13) 68(10) 91(11) 01(9) 42(10) 02(9) 
B(4) 21(6) 45(7) 52(7) 01(6) 08(5) 07(5) 
B(S) 28( 6) 46( 7) 49( 7) 03( 5) 16( 5) -03( 5) 
B(6) 37( 7) 54( 8) 44( 7) 01( 6) 22( 5) 00( 6) 
C(7) 29( 5) 28( 5) 33( 5) 01( 4) 08( 4) 09( 4) 
C(8) 27( 5) 29( 5) 28( 5) 01( 4) 4) 00( 4) 
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Table 6.22 (cont.) 
U11 U22 U33 U23 U1 3 U1 2 
B(9) 47( 8) 34( 7) 61( 8) 02( 6) 06( 6) 00( 6) 
B(10) 42( 7) 32( 7) 50( 7) 16( 5) 25( 6) 01( 5) 
B(11) 31(7) 48(7) 55(7) 12(6) -02(6) 12(5) 
 31(6) 40(6) 84(8) 03(5) 22(5) 02(5) 
 45(7) 60(7) 91(8) 06(6) 30(6) 20(6) 
 26(6) 78(8) 50(6) 11(6) 14(5) 07(6) 
 32(6) 59(7) 38(6) 02(5) 07(5) -14(5) 
C(1 16) 43( 6) 36( 6) 36( 5) 4) 16( 5) -08( 5) 
C(11l) 28(5) 53(6) 23(5) -01(4) 08(4) 10(5) 
C(212) 70( 7) 37( 6) 39( 6) 00( 5) 25( 5) -02( 5) 
C(213) 87( 8) 44( 7) 41( 6) 5) 26( 6) -10( 6) 
 49( 7) 78( 8) 46( 6) 09( 6) 19( 5) 08( 6) 
 68(8) 61(8) 61(8) 12(6) 23(6) -19(6) 
 51(7) 41(6) 48(6) -01(5) 13(5) -13(5) 
C(21 1) 19( 5) 43( 6) 40( 6) -03( 5) 04( 4) 02( 4) 
 84( 9) 49( 7) 54( 7) 21( 6) -02( 7) -02( 7) 
0(1) 236(12) 95(7) 101(7) 38(6) -97(8) -86(7) 
 123(16) 227(21) 209(19) -85(16) 109(16) 02(14) 
 219(19) 115(13) 226(21) 12(13) 177(18) -31(13) 
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Table 6.23 Fractional Co-ordinates of Non-H Atoms and Equivalent Isotropic 
Thermal Parameters (A2)  for 3-(p-cym)-1,11-Ph 2-3,1,11-closo-RuC2B9H9, 11 
X y Z Ueq 
C(1) 0.29620(25) 0.18194(20) 0.27472(19) 0.0271(16) 
B(2) 0.3577( 3) 0.9525(25) 0.21884(22) 0.0275(18) 
Ru(3) 0.21710(2) 0.16407(2) 0.13654(2) 0.0259(1) 
 0.2830( 3) 0.28517(25) 0.21364(25) 0.0324(20) 
 0.3925( 3) 0.27025(25) 0.30959(25) 0.0326(19) 
 0.4376(3) 0.15389(25) 0.31267(24) 0.0297(18) 
 0.3964(3) 0.1486(3) 0.11860(24) 0.0319(19) 
 0.3488(3) 0.2667(3) 0.11631(25) 0.0351(20) 
 0.4274( 3) 0.3218( 3) 0.2139( 3) 0.0375(21) 
 0.5208( 3) 0.2416( 3) 0.2743( 3) 0.0338(20) 
C(11) 0.49437(25) 0.13796(21) 0.21839(20) 0.0294(16) 
B(12) 0.4968(3) 0.2372(3) 0.1568(3) 0.0363(21) 
 0.21400(20) 6947(13) 0.37340(16) 0.0490(23) 
 0.14080(20) 0.04842(13) 0.43338(16) 0.068( 3) 
 0.07003(20) 0.11663(13) 0.45960(16) 0.068(3) 
 0.07247(20) 0.20589(13) 0.42584(16) 0.0557(25) 
 0.14568(20) 0.22694(13) 0.36587(16) 0.0433(20) 
C(101) 0.21644(20) 0.15873(13) 0.33965(16) 0.0324(16) 
 0.57278(16) -0.01433(16) 0.17532(16) 0.0519(23) 
 0.66089(16) -0.07957(16) 0.18068(16) 0.065(3) 
 0.76772(16) -0.06256(16) 0.23377(16) 0.063(3) 
 0.78644(16) 0.01968(16) 0.28150(16) 0.068(3) 
 0.69833(16) 008491(16) 0.27614(16) 0.0579(25) 
C(111) 0.59150(16) 0.06791(16) 0.22305(16) 0.0357(18) 
 0.1359(3) 0.13164(25) -0.00141(22) 0.0373(19) 
 0.0796( 3) 0.2095( 3) 0.02552(22) 0.0371(19) 
 0.02779(25) 0.2078(3) 0.10206(22) 0.0362(18) 
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Table 6.23 (cont) 
X y Z Ueq 
 0.0373(3) 0.1240(3) 0.15091(24) 0.0416(20) 
 0.0939( 3) 0.0458( 3) 0.12423(24) 0.0416(20) 
C(31) 0.1436(3) 0.04814(23) 0.04675(23) 0.0391(19) 
C(311) 0.2074(3) -0.03335(25) 0.0183(3) 0.0545(24) 
 -0.0382( 3) 0.2880( 3) 0.1320( 3) 0.0497(23) 
 -0.01 16( 4) 0.3808( 3) 0.0945( 3) 0.069( 3) 
 -0.1672(3) 0.2661(4) 0.1089(4) 0.085(4) 
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Table 6.24 Fractional Co-ordinates of Hydrogen Atoms in 11 
x y z 
11(102) 0.26879(20) 0.01667(13) 0.35311(16) 
11(103) 0.13891(20) -0.02068(13) 0.45951(16) 
 0.01336(20) 0.10034(13) 0.50603(16) 
 0.01769(20) 0.5870(13) 0.44614(16) 
 0.14756(20) 0.29604(13) 0.33973(16) 
 0.49007(16) -0.02749(16) 0.13421(16) 
 0.64639(16) -0.14324(16) 0.14372(16) 
 0.83594(16) -0.11307(16) 0.23792(16) 
 0.86915(16) 0.03284(16) 0.32260(16) 
11(116) 0.71282(16) 0.14858(16) 0.31310(16) 
11(321) 0.168(4) 0.135(3) -0.054(3) 
H(331) 0.079(4) 0.260(3) -0.011(3) 
H(351) 0.011(4) 0.123(3) 0.206( 3) 
11(361) 0.103(4) -0.005(3) 0.159(3) 
11(3 11) 0.2033(3) -0.09002(25) 0.0635(3) 
 0.2965(3) -0.01481(25) 0.0190(3) 
 0.1683(3) -0.05375(25) -0.0481(3) 
11(341) -0.016( 4) 0.288( 3) 0.194(3) 
11(342) -0.0376( 4) 0.3802( 3) 0.0232( 3) 
H(343) 0.0799(4) 0.3941(3) 0.1110(3) 
11(344) -0.0582(4) 0.4342(3) 0.1228(3) 
11(345) -0.1935( 3) 0.2659(4) 0.0376(4) 
 -0.2155(3) 0.3179(4) 0.1377(4) 
 -0.1835(3) 0.1992(4) 0.1351(4) 
11(2) 0.352( 3) 0.015( 3) 0.234( 3) 
 0.219( 4) 0.337( 3) 0.224( 3) 
 0.394( 4) 0.300( 3) 0.369( 3) 
11(6) 0.469(4) 0.118(3) 0.371(3) 
11(7) 0.419(4) 0.102(3) 0.068(3) 
 0.334(4) 0.311(3) 0.051(3) 
 0.456( 3) 0.396( 3) 0.219( 3) 
 0.608(4) 0.257(3) 0.317(3) 
H(12) 0.565( 4) 0.247( 3) 0.125(3) 
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Table 6.25 Anisotropic Thermal Parameters (x10 3 C, B, x104 Ru) (A2)  for 11 
U11 U22 U33 U23 U13 U12 
C(1) 23( 1) 28( 2) 29( 2) -02( 1) 04( 1) 00( 1) 
B(2) 25( 2) 30( 2) 26( 2) -01( 1) 03( 1) -02( 1) 
Ru(3) 226(1) 280(1) 258(1) 002(1) 023(1) -030(1) 
B(4) 29( 2) 27( 2) 40( 2) 02( 2) 03( 2) -01( 1) 
B(5) 31( 2) 29( 2) 36( 2) -06( 2) 00( 2) -02( 2) 
B(6) 27( 2) 30( 2) 30( 2) -01( 2) 04( 1) -02( 1) 
B(7) 29( 2) 37( 2) 29( 2) 02( 2) 06( 1) -03( 2) 
B(8) 35( 2) 32( 2) 36( 2) 09( 2) 03( 2) -04( 2) 
B(9) 33( 2) 28( 2) 50( 2) 03( 2) 02( 2) -07( 2) 
B(10) 29( 2) 30( 2) 40( 2) 00( 2) 01( 2) -06( 2) 
C(11) 25(2) 29(2) 34(2) 01(1) 06(1) -01(1) 
B(12) 30(2) 38(2) 41(2) 08(2) 08(2) -05(2) 
C(102) 57( 2) 42( 2) 50( 2) -01( 2) 24( 2) -08( 2) 
C(103) 83( 3) 56( 3) 68( 3) -02( 2) 47( 3) -19( 2) 
C(104) 63(3) 83(3) 60(3) -16(2) 39(2) -23(2) 
C(105) 44(2) 74(3) 49(2) -15(2) 19(2) 03(2) 
C(106) 39(2) 53(2) 37(2) -07(2) 10(2) 05(2) 
C(101) 26( 1) 41( 2) 30( 2) -07( 1) 05( 1) -07( 1) 
C(112) 41(2) 49(2) 64(2) -06(2) 11(2) 10(2) 
C(1 13) 63( 3) 54( 3) 78( 3) -06( 2) 22( 2) 20( 2) 
 51(2) 66(3) 73(3) 09(2) 21(2) 29(2) 
 37(2) 75(3) 89(3) 04(3) -01(2) 20(2) 
 37(2) 60(3) 72(3) -06(2) -04(2) 10(2) 
C(111) 31(2) 37(2) 39(2) 05(1) 12(1) 04(1) 
C(32) 32( 2) 49( 2) 29( 2) -04( 2) -02( 1) 01( 2) 
C(33) 31(2) 47(2) 30(2) -01(2) -07(1) 03(2) 
C(34) 21( 2) 49( 2) 36( 2) -07( 2) -04( 1) 00( 1) 
C(35) 27( 2) 57( 2) 40( 2) -05( 2) 06( 1) -15( 2) 
C(36) 35( 2) 	- 40(2) 47( 2) - 02( 2) 01(2) -15( 2) 
C(31) 34( 2) 34(2) 46(2) -09( 2) -06( 1) -06( 1) 
C(311) 55(2) 36(2) 69(3) -14(2) 00(2) -03(2) 
 36(2) 64(3) 46(2) -14(2) 01(2) 10(2) 
 77(3) 60(3) 65(3) -12(2) 01(2) 26(2) 
 36(2) 105(4) 110(4) -41(3) 06(2) 19(2) 
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Table 6.26 	Fractional Co-ordinates and Equivalent Isotropic 
Thermal Parameters (U eq/A2)* or Isotropic Thermal Parameters (UIM /A2) for 
Non-H Atoms in exo-8,9,12-{(p.c U,B-H)3Cu(PPh3)}-3-(PPh3)-1,2-Ph2-3,1 ,2-closo-
CuC2B9H6FCH2Cl2, 12•CH202 
X y Z Ueq* / U0 
Cu(3) -0.1460(3) -0.47727(20) -0.19565(19) 0 . 040(3)* 
Cu(2) -0.2639( 4) -0.33843(22) -0.08929(21) 0 . 0057(4)* 
P(3) 0.0353( 8) -0.5042( 4) -0.2044( 4) 0 . 037(7)* 
P(2) -0.2090( 8) -0.2744( 4) -0.0151( 4) 0 . 046(7)* 
 0.2529(18) -0.4750( 9) -0.1218( 8) 0.050(10) 
 0.3272(18) -0.4696( 9) -0.0649( 8) 0.070(12) 
 0.2839(18) -0.4886( 9) -0.0158( 8) 0.038( 9) 
 0.1663(18) -0.5130(9) -0.0235(8) 0.050(10) 
 0.0921(18) -0.5185( 9) -0.0804( 8) 0.054(10) 
C(11) 0.1354(18) -0.4995(9) -0.1296(8) 0.032(9) 
 0.0044(14) -0.5988( 9) -0.2921( 9) 0.034( 9) 
 0.0282(14) -0.6584( 9) -0.3174( 9) 0.048(10) 
 0.1175(14) -0.7007(9) -0.2860(9) 0.070(12) 
 0.1829(14) -0.6833(9) -0.2293(9) 0.054(11) 
 0.1591(14) -0.6237(9) -0.2041(9) 0.054(11) 
C(21) 0.0699(14) -0.5815( 9) -0.2354( 9) 0.031( 9) 
 0.1653(18) -0.4577( 8) -0.2884(10) 0.065(12) 
 0.1977(18) -0.4079(8) -0.3234(10) 0.056(11) 
 0.1603(18) -0.3431(8) -0.3178(10) 0.103(16) 
 0.0904(18) -0.3280( 8) -0.2774(10) 0.071(12) 
 0.0579(18) -0.3778(8) -0.2424(10) 0.053(11) 
C(31) 0.0953(18) -0.4427( 8) -0.2479(10) 0.035(9) 
 -0.0452(18) -0.2987(10) 0.0952(10) 0.062(11) 
 0.0660(18) -0.3176(10) 0.1311(10) 0.051(11) 
 0.1598(18) -0.3377(10) 0.1054(10) 0.095(14) 
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Table 6.26 (cont.) 





 0.1424(18) -0.3388(10) 0.0438(10) 0.095(14) 
 0.0312(18) -0.3199(10) 0.0079(10) 0.068(12) 
C(41) -0.0626(18) -0.2998(10) 0.0336(10) 0.049(10) 
 -0.2646(18) -0.1613(12) -0.0791(10) 0.074(12) 
 -0.2502(18) -0.0973(12) -0.0986(10) 0.115(17) 
 -0.1484(18) -0.0604(12) -0.0717(10) 0.061(11) 
 -0.0611(18) -0.0875(12) -0.0253(10) 0.078(13) 
 -0.0755(18) -0.1515(12) -0.0058(10) 0.086(14) 
C(51) -0.1773(18) -0.1884(12) -0.0327(10) 0.039(9) 
 -0.3305(19) -0.2085(9) 0.0609(10) 0.051(10) 
 -0.4099(19) -0.2060( 9) 0.0987(10) 0.099(15) 
 -0.4702(19) -0.2630(9) 0.1097(10) 0.077(13) 
 -0.45 12(19) -0.3225( 9) 0.0829(10) 0.075(13) 
 -0.3718(19) -0.3250( 9) 0.0451(10) 0.053(11) 
C(61) -0.3115(19) -0.2680( 9) 0.0341(10) 0.053(11) 
 -0.3690(23) -0.5118(13) -0.2199(12) 0.023( 8) 
 -0.3608(23) -0.4545(13) -0.2696(13) 0.024( 8) 
 -0.304(3) -0.4903(19) -0.1567(17) 0.043(12) 
 -0.459(3) -0.4861(19) -0.1757(17) 0.039(11) 
 -0.502( 3) -0.4600(18) -0.2471(17) 0.033(10) 
 -0.274( 3) -0.3896(19) -0.23 14(18) 0.041(12) 
 -0.239(3) -0.4109(18) -0.1547(16) 0.033(11) 
 -0.381( 3) -0.4231(17) -0.1345(16) 0.025(10) 
 -0.503( 3) -0.4059(16) -0.1939(15) 0.017( 9) 
B(l1) -0.439(3) -0.3842(18) -0.2587(16) 0.032(11) 
B(12) -0.366(3) -0.3579(19) -0.1825(18) 0.043(12) 
C(1 12) -0.2849(14) -0.61 12( 9) -0.2599( 8) 0.036( 9) 
C(1 13) -0.2908(14) -0.6770( 9) -0.2783( 8) 0.054(11) 
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Table 6.26 (cont.) 
x 	 z 
	
Uiso 
C(1 14) -0.3946(14) -0.7142( 9) -0.2789( 8) 0.073(12) 
C(115) -0.4924(14) -0.6856(9) -0.2612(8) 0.052(11) 
C(1 16) -0.4865(14) -0.6198( 9) -0.2429( 8) 0.053(11) 
C(1 11) -0.3827(14) -0.5826( 9) -0.2422( 8) 0.029( 9) 
 -0.4394(16) -0.5053(1 1) -0.3664(1 1) 0.087(14) 
 -0.4240(16) -0.5230(1 1) -0.4223(1 1) 0.088(13) 
 -0.3166(16) -0.5072(11) -0.4387(11) 0.093(14) 
 -0.2247(16) -0.4737(11) -0.3992(11) 0.083(13) 
 -0.2402(16) -0.4560(1 1) -0.3432(1 1) 0.041(10) 
C(21 1) -0.3476(16) -0.4717(11) -0.3268(11) 0.057(11) 
C1(1) 0.7519(21) 0.1816(12) 0.0231(10) 0.289(11) 
C1(2) 0.7243(21) 0.2917(13) 0.0911(11) 0.311(12) 
C(sol) 0.637( 4) 0.2095(24) 0.0545(22) 0.161(22) 
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Table 6.27 Fractional Co-ordinates for Hydrogen Atoms in 12CH 202 
x y z 
 0.2864 -0.4603 -0.1599 
 0.4182 -0.4507 -0.0590 
11(14) 0.3414 -0.4843 0.0283 
 0.1328 -0.5277 0.0145 
 0.0010 -0.5374 -0.0864 
 -0.0647 -0.5661 -0.3 164 
 -0.0224 -0.6718 -0.3612 
 0.1359 -0.7468 -0.3056 
 0.2520 -0.7161 -0.2051 
 0.2098 -0.6103 -0.1602 
 0.1942 -0.5079 -0.2927 
 0.2519 -0.4196 -0.3547 
 0.1854 -0.3046 -0.3449 
 0.0614 -0.2779 -0.273 1 
 0.0038 -0.3662 -0.2111 
 -0.1178 -0.2832 0.1151 
 0.0795 -0.3167 0.1788 
 0.2460 -0.3523 0.1332 
 0.2151 -0.3544 0.0239 
 0.0177 -03208 -0.0398 
 -0.3434 -0.1899 -0.0999 
 -0.3178 -0.0763 -0.1345 
 -0.1373 -0.0109 -0.0868 
 0.0177 -0.0589 -0.0045 
 -0.0080 -0.1725 0.0302 
 -0.2838 -0.1644 0.0524 
 -0.4247 -0.1599 0.1195 
 -0.53 17 -0.2610 0.1390 
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Table 6.27 (cont.) 
 -0.4979 -0.3666 0.0914 
 -0.3571 -0.3711 0.0244 
 -0.2045 -0.5824 -0.2594 
 -0.2151 -0.6991 -0.2920 
 -0.3992 -0.7651 -0.2931 
 -0.5727 -0.7144 -0.2617 
 -0.5622 -0.5977 -0.2292 
 -0.5226 -0.5175 -0.3537 
 -0.4951 -0.5490 -0.4530 
 -0.3046 -0.5210 -0.4821 
 -0.1415 -0.4615 -0.4119 
 -0.1690 -0.4300 -0.3 126 
 -0.2500 -0.5306 -0. 1230 
 -0.5170 -0.5249 -0.1559 
 -0.5913 -0.4790 -0.2807 
 -0.2016 -0.3602 -0.2506 
 -0.1453 -0.3958 -0.1235 
 -0.3811 -0.4143 -0.0843 
 -0.5957 -0.3849 -0.1876 
 -0.4802 -0.3483 -0.2999 
H(12B) -0.3547 -0.3034 -0.1683 
H(lsol) 0.5547 0.2207 0.0218 
H(2sol) 0.6168 0.1756 0.0869 
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Table 6.28 Refined Anisotropic Thermal Parameters (x10 3  A2)  for 12CH2C12 
U11 U22 U33 U23 U13 U1 2 
Cu(3) 032( 3) 035( 3) 049( 3) -010( 3) 2) -001( 2) 
Cu(2) 063( 3) 047( 3) 054( 4) -019( 3) 3) -001( 3) 
P(3) 041(6) 036(6) 031(7) 002(5) 002( 5) 002( 5) 
P(2) 043( 7) 042( 7) 049( 8) 4009( 6) -002( 6) 010( 5) 
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Department of Chemistry, University of Edinburgh, Edinburgh EH9 3ff, Scotland 
(Received 24 August 1992: accepted 17 November 1992) 
Abstract. Triethylammonium 7,8-diphenyl-7,8-dicar-
ba-nido-decahydroundecaborate( 1 -), C 6H 16N .C 1 
HB, M, = 387.80, tncinic, PT, a = 11.014(4), b = 
11.030 (7), c = 12.333(6) A. a = 67.83 (5), $ = 
80.78 (4),y = 60.20(5) 0 , V= 1203.3 A3 , Z= 2, D, = 
1.070 Mg m 3, A(Mo Ka) = 0.71069 A. /h = 
0.052mm, F(000)=416. T=291(l)K, R= 
0.1074 for 3289 independent observed reflections. 
Benzyltrimethylammoniuin 7,8-diphenyl-7.8-dicarba-
nido-decahydroundecaborate( 1 -), C 10H 1 6N 
C 14H20Bç, M, = 435.85, monodinic. P2 1 1n, a = 
10.751 (4), b = 21.662(4), c = 11.9745 (25) A, $ = 
106.592 (23)°, V = 2672.5 A3 , Z = 4, D, = 
1.083 Mg m 3, A(Mo Ka) = 0.71069 A, 14 = 
0.053 mm ', F000) = 928, T = 185 (1) K. R = 
0.0637 for 3857 independent observed reflections. In 
both determinations, the phenyl substituents lie very 
roughly orthogonal to the open C2133 face of the 
anion, pairs of rings being twisted (in a conrotatory 
manner) by an average of 7.8° for the [HNEt 3] salt, 
and 19.0' for the [Me 3NCH2C6H 51 salt, from this 
extreme. In the latter case, this twist is traced to 
interion contacts. The C(cage)—C(cage) distances. 
1.590 (5) and 1.602 (3) A. respectively, and the mean 
facial B—B and facial B—C distances are discussed 
in relation to the equivalent distances in 1.2-Ph 2-1 .2-
closo-C2B10H ,. 
Introduction. The preceding paper (Lewis & Welch, 
1993a) reports the molecular structure of 1.2-Ph 2-1,2-
c/oso-C 2 13 10H 10, noting the relatively long C(1)—C(2) 
connectivity [1.727 (6) A averaged over the two crys-
tallographically independent molecules] and the tow 
B values [B is the average difference between 90° and 
the moduli of the C(cage)—C(cage)—C---C torsion 
angles] that describe the molecular conformation. 
Our interest in diphenylcarbaborane rests prima-
rily in its use as a ligand to d- and f-block metals, 
predominantly in the partially degraded form [7.8-
Ph-7,8-nido-C 2 139H9 ] 2 [note the change in conven-
tional numbering between related closo and nido 
polyhedra (Casey, Evans & Powell. 1983)]. We have 
already shown (Lewis & Welch, 1992) that unusual 
structure deformation can arise when the phenyl 
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rings are twisted into positions described by high 8 
values on ligation to a sterically demanding metal 
fragment such as Rh(-0 5 Me 5 ). 
In this context, we considered it important to have 
full stereochernical information on diphenylcarba-
borane in its ligand form. As is the case with the 
parent compound [7.8-nido-C2B.H, ,]2_  and related 
derivatives, it is convenient to study such species as 
the partially protonated monoanion, in which the 
additional H atom occupies an endo position on 
B(10) (Buchanan, Hamilton, Reed & Welch. 1990; 
Shaw & Welch. 1992). Thus the present studies were 
undertaken. 
Experimental. K{7,8-Ph 2-7,8-nido-C 2B9H, 0], a light 
yellow solid, was prepared from 1,2-Ph 2-1 ,2-closo-
C2 B 4OH,0 by an analogous method to that which 
affords K[7,8-nido-C2B9H, 2] from C2 B 4OH 12  
(Hawthorne, Young, Garrett, Owen, Schwerin, 
Tebbe & Wegner, 1968). The title salts were each 
isolated as fine white precipitates by addition of 
aqueous solutions of excess [HNEt 3]C1 or 
[Me3 NCH 2C6H 5]Br to an aqueous solutionof K[7,8-
Ph2-7,8-nido-C 2B9H,0], and recrystallized from 
CH2C12-n-hexane (1/3) at 243 K. 'H NMR spectros-
copy in (CD 3)2C0 showed each to be a 1:1 salt and 
"B and "B-{'H} NMR spectroscopies revealed 
signals very similar to those (fully assigned) of 7,8-
nido-C2 B9H 1 2] (Buchanan, Hamilton, Reed & 
Welch, 1990). Thus, for the [HNEt 3] + salt, 
"B-{'H} 5 -6.49 (2B), - 12.77 (IB), - 14.80 (2B), 
- 17.30(2B), -31.49(1B) and -33.84 p.p.m. (IB), 
all signals showing doublet coupling ['JBH(eXO)  137 
160 Hz] with that at -31.49 showing additional 
doublet coupling ['JBH(e,,)  49.5 Hz] in the "B Spec-
trum. Crystals of both salts were mounted on an 
Enraf-Nonius CAD-4 diffractometer (graphite 
monochromator). Experimental details in curly 
brackets, {}, represent differences in respect of the 
[Me3NCH 2C6H5] salt. Crystal size 0.3 x  0.2  x 
0.2 mm (0.2 x  0.15 x  0.15 mm); cell parameters and 
orientation matrix from least-squares refinement of 
the setting angles (9{12) <8 < 130) of 25 centred 
reflections; data collection by u-2 8 scans in 96 steps 
with w-scan width (0.8 + 0.34tan8)°; data (h 0 to 13, 
k -13to13,/-14to14(h0tol2,kOto2S,1-l3 
to 13)) measured for I :5 8 :5 250  at room tempera-
ture (185 (I) K, ULT-1 low-temperature attach-
ment) over 96 (115) X-ray hours with ca 2% decay 
subsequently corrected (no appreciable decay or 
movement); corrections for Lorentz and ,olarization 
effects applied (Gould & Smith, 1986); of 4462 
(5118) data measured, 3289 (3857) [F2:2.0o(fl] 
used to solve [direct methods for most non-H atoms 
(Sheldrick, 1986), difference Fourier syntheses for all 
others (Sheldrick, 1976)] and refine (least squares on 
F) the structure. 
In the case of the {HNEt 3] salt, the ethyl groups 
of the cation were found to be involved in disorder. 
the best model of which involves six methylene C 
atoms and four methyl C atoms with 0.5 occupancy. 
only one methyl C atom. C(12). being essentially 
ordered: all cation atoms were refined with isotropic 
thermal parameters and no cation H atoms were 
included; cage H atoms were allowed positional 
refinement [except H( 12), the endo H atom bound to 
3(10), which was included in an idealized position 
(Buchanan, Hamilton, Reed & Welch, 1990) but not 
thereafter refined] and phenyl H atoms were set in 
idealized positions (C-H 1.08 A); non-H atoms of 
the anion were refined with anisotropic thermal 
parameters but cage and phenyl H atoms were 
refined with a single group isotropic thermal param-
eter, 0.085 (3) A2 at convergence: weights were 
assigned according to w -' = [o(fl + 0.000306F9; R 
= 0.1074, wR = 0.1206, S= 2.165; max. shiftle.s.d. 
in final cycle <0.15; max. and mm. residues in final 
iF synthesis 0.64 and -0.42 e A , respectively; the 
former of these essentially caps the nido polyhedral 
face, 1.73-1.80 A from atoms C(7)-B(l I), and is 
presumably due to partial boron disorder. Such a 
phenomenon is fairly frequently met in structural 
studies of nido icosahedral (hetero)boranes; scat-
tering factors for N, C, B and H inlaid in SHELX76; 
Fig. F drawn using EASYORTEP (Mallinson & 
Muir, 1985); molecular geometry calculations via 
CALC (Gould & Taylor, 1986); we ascribe the rela-
tively high residuals to the crystallographic disorder 
in both anion and cation, and to the relatively poor 
quality of the crystal used. 
In the case of the [Me 3 NCH2C6H 5] salt, the 
cation is ordered but the same disorder is apparent in 
the anion; all non-H atoms were refined with aniso-
tropic thermal parameters, and all H atoms [except 
that endo to B(10), which was treated similarly as 
above] were located from 4F maps and freely 
refined, albeit with an overall isotropic thermal 
parameter, 0.0510 (13) A2 at convergence; weights 
were assigned according to w -' = [o(fl + 
0.002546F9; R = 0.0637, wR = 0.0930, S = 1.084; 
max. shift/e.s.d. in final cycle < 0.01; max. and mm. 
residues in final iF synthesis 0.94 and -0.30 e A , 
respectively; the former 1.59-1.84 A from the facial 
C or B atoms. 
Discussion. Table 1 * lists coordinates of refined 
non-H atoms and equivalent isotropic thermal 
• Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters and complete geometry have been deposited 
with the British Library Document Supply Centre as Supplemen-
tary Publication No. SUP 55795 (56 pp.). Copies may be obtained 
through The Technical Editor. International Union of Crystallog-
raphy. 5 Abbey Square. Chester CHI 2HU. England. [C1F refer-
ence: MU10271 
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Table 1. Fractional coordinates and equivalent iso- 
tropic thermal parameters (A2) for non-H atoms in 
[HN(C2H 5 ) 3][7.8-Ph 2-7,8-nido-C 239H o] 
U,. = (I/3).,U,a.a78,.a,. 
x 1 U,., 
NO 0 2764 5) .0369 (5) 0.6872 (4) 006414) 
942) 0.2111 iS) 0.9131 iS) 0.7057(4) 006414) 
8(3) 0.3716 (5) 0.8141 (5) 0.6418 (5) 0.010 Il) 
944) 0.4574(5) 0.9292 (5) 0.713614) 0.064(4) 
9(5) 0.3532(6) 0.9*79 (3) 0.82.39 (5) 0.075 iS) 
9(6) 0.1933(6) 0.9790 (5) 0.8206(4) 0.071 
1
4) 
 0.3530(4) 0.7336(4) 0.75390) 0.04111011 
 0.49)6(4) 0.7489(4) 0.7557(3) 0.045 (3) 
9(9) 0.4926(5) 0.8022 (5) 0.8627(4) 0.061(1) 
9(10) 0.3227(5) 0.8435(5) 0.9324(4) 0.069(4) 
9(11) 01444 (5) 0.7905 (5) 0.8539(4) 0.059(4) 
071) 0.3635(4) 0.6146(4) 0.7246 (3) 0.05443 
 0.3595(5) 0.6205(5) 0.6114(4) 0.094 (5) 
 0.3601(7) 0.5063 (7) 0.5881 (5) 0.127(6) 
 0.3662(7) 0.3832(6) 0.6783(5) 0.128(6) 
 0.3751 (7) 0.3738011 0.7913(5) 0.117(6) 
 0.3744(5) 0.4878(5) 0.9137(4) 0.090(4) 
 0.6275(4) 0.6341 (4) 0.7262)3) 0.0480) 
 0.6866(4) 0.6612(4) 0.61180) 0.061(3) 
C(83) 0.8148(5) 0.5542(5) 0.5969(4) 0.077(4) 
 0.1847 (5) 0.4181 (5) 0.6819(4) 0.08344) 
 0.82600) 0.3894 (5) 0.7909(4) 0.081(4) 
C(861 0.6997 (4) 0.4954(4) 0.8126(4) 0.067(4) 
N 0.1087(6) 1.1281(6) 1.2206(5) 0.1194(17) 
0114) 0.1076(13) 1.2369(13) 1.2586(12) 0109(4) 
OI10) 0.1150(14) 1.1252(14) 1.3724(11) 0.112(4) 
0)2) 0.0109(10) 1.2626(10) 1.3697(8) 0.177(3) 
C(218) 0.136(3) 1.2440) 1.129(3) 0.259(11) 
0214) 0.1769(13) 1.1357 (14) 1.0901 (12) 0.101 (4) 
022.8) 0.1199 0 7) 1.2309 (20) 1.0170(14) 0.123(5) 
C(224) 0.0947(14) 1.3151(15) 1.0018(11) 0.104(4) 
0314) 0.2140) 0.966(3) 1.3061 (20) 0.214(9) 
0318) 0.1687(18) 0.9453(20) 1.2417(14) 0.140(5) 
0324) 0.2042(14) 0.8458(15) 1.2973 (12) 0.107(4) 
0328) 0.318508) 0.8817 (Il) 1.2571(14) 	. 0.142(5) 
parameters, and Table 2 details internuclear dis-
tances not involving H atoms and selected interbond 
angles thereby derived for the [HNEt 3] 4 salt. 
Equivalent information for the [Me 3NCH2C6H 5] 4 
salt is contained in Tables 3 and 4, respectively. Fig. 
I shows a perspective view of a single molecule of the 
anion (that actually plotted is the [HNEt 31 + salt, but 
the anion in both determinations appears practically 
identical) and gives the atomic numbering scheme. 
Note that H(endo) appears as H(12) in the deter-
mination of the [HNEt 3] salt and H(1OB) in the 
determination of the [Me 3NCH 2C6H 5] salt. 
These structural studies confirm the identity of the 
anion as [7,8-Ph 2-7,8-nido-C2B9H,0F. As expected 
(Wade, 1971), the anion geometry is that of a nido 
fragment of an icosahedron. In both determinations 
the anion suffers partial disorder, manifested by the 
appearance of electron density (0.64 e A 3 in the 
case of the [HNEt 3] salt; 0.94eA 3 in the case of 
the [Me3NCH2C6H5] salt) in the 12th icosahedral 
position. As each of the anion's phenyl substituents 
appear ordered it is likely that in both cases this 
residual electron density arises from incomplete 
occupation of the B(3) cage position, but the degree 
of disorder is clearly small and in nei her case is the 
refined U value of B(3) anomalously large when 
this atom is refined with full occupancy. Most of the 
triethylammonium cation is also disordered. 
Table 2. Interatomic distances (A) and inierbond 
angles () in [HN(C 2 H 5) 3 1[7.8-Ph 2-7.8-nido-C 7 BH (0] 
I 	66 	8) 9(10-84I I) I N5 8) 
17581$) C(7l1--472) 1.3797) 
841)-844) I.17 	8) C7-:6 
BI)9(5l I 	1.51 C)-(7) i 79191 
9(11-BIb) 1.802181 C173)-474( 71 	0( 
1.741 	8) C4-4.5) 
B42)-B(6) 1 •64 4 8) C('S)-C(b) 1381 	$1 
3(2)-07) (.7(6(7) as I )-C,821 I.3836( 
9(2)-BOIl 1.778(8) 081)-C(86) I.394461 
9(3)-B(4) 1.729 (8) 082)-083) 1.382(7) 
B(3)-Ci7) 1.758(7) C(83)-C(84) 1.36718) 
9(33-08) 1.731(7) C1841--085) 1.389 (8) 
B(4)-9(5) 1.735 (8) C(85)-C(86) 1.369111 
8(4),-C(S) (.10447) N-C(Il4) 1.437 (16) 
9(4)-13149) 1.799(8) N-C(llS) (.873(16) 
9(5)-9(6) (.820(8) 31-0118) (.48431 
9(5)-8(9) 1.775 (8) N-C(214) 1.654061 
8(51-8(10) (.794(8) N-C(3(4) .60(3) 
9(61-BIb) (.76948) N-C(318) (.704(2(1 
9(61-8(11) (.753(8) C(114)-C((2) (.618(18) 
07)-08) 1.590(5) C(I(B)-C(12) (.36309) 
Q7)-B(I() 1.631 (7) C(218)-C(228) 1.4914)  
C(7)-C871) 1.489(6) C(21A)-C1224) 1.682 (22) 
C(S)-8(9) 1.635(7) C(314)-0324) 1.43 (3) 
C(S)-Oil) (.305(5) C(318)-C(328) (.4613) 
9(9)-B(I0) 1.839 (5) 
9(21-8(11-9(3) 59.60) 9(4)-C(8)--C(81) 120.60) 
B(2)-B(I)--9(6) 59.2(3) C(7)-C(8)---C(81) ((8.6(3) 
8(3)-BIl)--8(4) 59.5(3) 11(9)-C(11)--CL8I) 1(8.40) 
8(4)-BIll--B(S) 58.90) 9(41-8(9)-B(5) 58.1 (3) 
B(5)-8(0-8(6) 61.1 (3) 844)-B(9)--C(8) 59.2 (3) 
9(I)-B(2)-9(3) 59.40) B(5)-8(9)-111(10) 59.5 (3) 
B(I)-1112)--9(6) 61.40) 9(5)-B(l0)-1111(6) 61.40) 
B(3)-9(2)--C(7) 61.1 (3) 9(53-9(101-8(9) 58.5 (3) 
9(6)-8(2)--9(I I) 59.343) B(6)-B((0)-B(I I) 59.90) 
C(7)-812)--80 I) 55.60) 9123-B(( 1)-B(6) 60.0011 
B(I)-9(3)--9(2) 61.00) 9(2)-B(Il)--C(7) 60.30) 
9(13-9(33-9(4) 60.5(3) 8(6)-8(10-8(I0) 59.8011 
9(2)-8(3)--C(7) 58.80) C(71-070-C(72) 123.4(4) 
9(4)-9(31--C(S) 59.00) C(7)-C(71)--C(76) 119.3 (1) 
C(7)-9(3)--0811 54.2(3) C(72)-C(71)--C(76) 117.2(4) 
B(I)-8(4)--8(3) 60.0(3) C(71)-C(72)--C(73) 121.60) 
8(1)-9(4)-8(5) 61.4(3) C(72)-C(73)--C(74) 120.2(6) 
60.6(3) C173)-C(74)--C(75) 119.7(6) 
9(5)-8(4)--8(9) 60.3(3) C(74)-C(75)--C(76) 120.7(6) 
C48)-B(4)-8(9) 55.70) C(71)-C(76)---C(75) 121.6 (5) 
Bffl-B(5)-B(4) 59.6(3) C(83-C(90---C(8211 123.00) 
8(I)-9(5)--B(6) 60.1(3) C(S)-C(Sl)--086) ((8.8(4) 
9(4)-885)--B(9) 61.70) 052)-011I)---C(86) 118.1 (4) 
9(6)-9(53--8((0) 38.6(3) C8ll-C(82)--C(83) 120.7 (4) 
B(9)-9(5)--6(I0) 62.0(3) C(52)-C(83)--084) 1.10.8 (3) 
8(1 )-8(6)-8(2) 59.443) C(83)-C(54)--C(85) 118.9 (5) 
B(I)-B(6)-110) 58.80) 084)-C(85)--C(86) (20.615) 
B(2)-B(6)-B0I) 60.7(3) C(SI)-C(56)--C(85) 120.8(4) 
B(5)-8(6)--9(10) 60.01311 QIl4)-N--C(214) 111.5(9) 
9(I0-11(63-80I) 61.3(3) 0114)-N--C(3141 (08.2(12) 
9(2)-c17)--80) 60.1(3) C(IlB)-N--C(218) 113.3 (14) 
131(2)-c17)--9(II) 64.1(3) C(lI8)-N--C(318) 102.8(9) 
(20.6(3) C42I113-N-C(318) 131.7 (IS) 
62.0 (3) Q214)-N--C(31.4) 104.1(12) 
9(3)-c(7)---c(71) 118.80) N-C(IlAI.--C(12) 114.0(10) 
c(8)-C(7)-071) ((8.6(3) N-C(118)--C((2) 103.7(10) 
9()l3-C(7)--C(71) 118.1 (4) N-.C(218)--C(228) 106.3(21) 
B13)-ClS)-9(4) 60.4(3) N-C(210-C(22A) 106.8(10) 
8(3)-C(8)--C17) 63.7 (3) N-C(314)--C(32A) ((5.1(20) 
9(3)-C(i)--C(81) 
1 
17.6 (3) N-0318)---C(323) 99.8(13) 
8(4)-C(S)--9(9) 65.10) 
The anions have near C, symmetry about a plane 
passing through B(1), B(3) and B(10). The lower 
pentagonal rings [B(2), B(3), B(4), B(5), B(6)] are 
essentially planar {o = 0.003 and 0.0 16 A for 
[HNEt 3] and [Me 3NCH2C6H51 salts, respectively 
[o 
= ()II2, where : is the displacement of the ith 
atom from the least-squares plane)}, but the upper 
C2 B3 rings are not (cr = 0.049 and 0.050 A. respec-
tively), each being folded into an envelope conforma-
tion. In the case of the [HNEt 3]' salt, this fold (44C) 
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Table 3. Fractional coordinates and equivalent i 
tropic thermal parameters (A) for non-H atoms 
[(CH 3 ) 3 NCH,Ph]17,8-Ph2-7.8-nido-C2B9H to] 
so- Table 4. Interatomic distances (A) and interbond 
in 	angles (°) in [(CH 3)3NCH 2Ph][7,8-Ph 2-7.8-nidO- 
C2 B9H 101 
U,, = (13)L,U,,o,a7L.a, 
x Y U. 
3(I) 0.5435 01 -068272 (14) -0.30457 t 22) 0.0367(15) 
842) Q.54174 (25) -0.60240 (13) -0.27735 (22) 0.0343 ((4) 
8(3) 0.3969 3) -0.63991 (14) -0.35050 12$) 0.0424(17) 
8(4) 0.39660 (2.5) - 0.71428 (12) -0.28893 (23) 0.0342(14) 
3(5) 0.54012 (24) -0.72280)13) -0.17422(22) 0.034304) 
3(6) 0.63337 (25) - 0.65163 (13) -0.16668(23) 0.035605) 
C7) 0.40440(20) -0.59031 (10) -013629 (18) 0.0277 (12) 
C(8) 0.32363 (20) - 0.65294 (10) -014159 (18) 0.0276(12) 
8(9) 0.39669(24) -0.70195 (12) -0.14091 (22) 0.0324(14) 
3(10) 0.54984(24) -0.66873(13) -0.06(27(22) 0.0327(14) 
8(11) 0.53948(25) -0.59203 (12) -0.12985(22) 0.0334(14) 
 0.32655(21) -0.53(65(10) -0.26517(19) 0.0316(12) 
 0.2476(3) -0.51717 (12) -0.37649(22) 0.043605) 
C473) 0.1721 (3) -0.46427 (14) -03961 (3) 0.0516(17) 
C(74) 0.1727 (3) -0.42440 (13) -0.3068 (3) 0.0526 (IS) 
Q75) 015170(25) -0.43740(13) -0.1963(3) 0.0469(16) 
076) 0.32641(23) -0.49036(11) -0.17596 (22) 0.0367(14) 
 0.178*5(20) -0.64790(10) -0.27410(18) 0.0278(11) 
 0.09*92(23) -0.66809(11) -0.38085(21) 0.0363(13) 
 -0.03526 (23) -066437(12) -0.40560 (23) 0.0414(15) 
 -0.09154(24) -0.64015 (13) -0.3252(3) 0.0474(16) 
 -0.01311 (23) -0.61965(12) -011893(24) 0.0434(15) 
 0.12052(21) -0.62343 (II) -0.19342(22) 0.033003 
N -0.02785 (17) -0.82683 (9) -0.18356(16) 0.0327(11) 
01) 0.0961 (3) -0.79193(14) -01679 (3) 0.0498(17) 
C(2) -0.1174(3) -0.78*85(13) -0.13586(23) 0.0422(15) 
 0.0022(3) -0.88648 (12) -0.11812 (25) 0.0426(15) 
 -0.08716(25) -0.83870 (13) -0.31385(20) 0.0411(15) 
Q41) -0.21154(24) -0.87444(12) -0.34244(21) 0.0402(14) 
 -0.3309 (3) -0.84562 (IS) -0.36198 (25) 0.0512(17) 
 -0.4436(3) -0.87970(18) -03839(3) 0.0662(22) 
 -0.4363(3) -0.94263(20) -0.3873 (4) 0.0920) 
Q45) -03207(3) -0.97157(17) -0.3727 (4) 0.0785 (2.5) 
046) -0.2090 (3) -0.93769 (14) -0.3493 (3) 0.0571 ((9) 
is convex about the C(8) ... B(10) vector, whereas for 
the [Me 3 NCH2C6H 5 J salt the fold (4.20) is concave 
about the B(9) ... B(1 1) vector. However, these struc- 
tural differences are slight, as is demonstrated by the 
calculation of an overall root-mean-square misfit 
(Macgregor, Wynd, Gould, Moulden, Taylor, 
Yellowlees & Welch, 1991) of only 0.024 A between 
the C2B9 portions of both anions. 
The major deviation form C, symmetry of the 
anions in the solid state, indeed the major structural 
difference between the anions in the two crystallo- 
graphic determinations, resides in the twists of the 
phenyl substituents about their C(cage)-C(aryl) 
bonds. As previously noted (Lewis & Welch, 1993a), 
it is convenient to describe these twists by the param-
eter 0. In both salts of [7,8-Ph2-7,8-nido-C 2 B9H 10] 
studied herein, 0 values are generally low, so that in 
a broad sense both phenyl groups can be described 
as lying essentially orthogonal to the open C2 B3 car- 
baborane face. In detail, however, both phenyl rings 
in each salt are measurably twisted from this extreme 
position in a conrotatory manner, recording 0 values 
of 5.6 [ring C(71)-C(76)] and 10.00 [ring C(81)-
C(86)1 in the [HNEt 3] salt, and 17.9 [C(71)-C(76)] 
and 20.0° [C(81)-C(86)] in the [MeNCH 2C6H 5] 
salt. Molecular-orbital (MO) calculations at the 
extended Hückel level on 1,2-Ph 2- 1 ,2-doso-C2B 10H 10 
(Lewis & Welch, 1993a) imply that the energies 
3(l)-8(2) 1.771 (4) 8(9)-8(l0) 1.800(4) 
B(l)-8(3) (.775 (4) B(l0)-3(l II 1.943(4) 
3(I)-8(4( 1.779(4) Q71)-C(72) (.3964) 
8(I)-8(5) 1.795 (4) C(71)-C76) 1.393 (3) 
.789 (4) C(72)-C(73) 138544) 
8(2)-8(3) 1.753 (4) 073)- C174 1.373 (4) 
8(2)-6(6) .765(4) C(74)-C(75) 1.381(4) 
3(2)-07) 1.704(4) C(75)-C(76) 1.381(4) 
B(2)-8(l I) 1.7*7(4) C(84-C112) 1.3910) 
B(3)-B(4) 1.772(4) C(8I)-C(86) 1.3980) 
8(3)-C(7) 1.722(4) C(82)-083) 1.390(4) 
B(3)-C(8) 1.128(4) C(83)-C(84) (.378(4) 
8(4)-3(5) 1.758(4) C(84)-C185) 1.383(4) 
8(4)-08) 1.7190) Q85)-Q*6) 1383(4) 
B(4)-8(9) (.792(4) N-C(l) 1.497(4) 
8(5)-8(6) 1.827 (4) ('(-02) 1.4980) 
.758(4) r'#-C(3) 1.4910) 
8(5)-8(I0) 1.768(4) N-C(4) 1.5290) 
8(6)-8(I0) 1.794(4) C(4)-041) 1.497(4) 
8(6)-8(II) 1.770(4) 041)-C(42) 1.386(4) 
C(7).-C48) 1.6020) C{41)-046) 1.373(4) 
07).-8(I I) 1.6360) CL42)-043) 1.378(5) 
C(7)-071) 1.5060) 043)-C(44) 1.3660) 
C(8)-8(9) 1.630(3) C(44)-045) 1.358(6) 
C(0-0*1) 1.4970) Q45)-C(16) 1.365(5) 
8(2)-B(I)--8(3) 5915 ((6) C(7)-C48)--C(8() 117.40(18) 
8(2)-B(l)--B(6) 59.46(15) B(9)-08)--CL8I) 119.05(18) 
B(3)-B(I)--8(4) 59.80(16) 8(4)-B(9)--8(5) 59.35 (15) 
8(4)-B(I)-13(5) 59.92(15) B(4)-B(9)-08) 60.10(14) 
3(5)-B(I)--8(6) 61.28(15) 13(5)-B(9)--8(I0) 59.6005) 
B(I)-8(2)--8(3) 40.49(16) 8(5)-8(I0)--B(6) 61.88(15) 
8(I)-B(2>-80) 60.79(16) B(5)-8(I0)-8(9) 59.0305) 
B(3)-8(2)-07) 59.75(15) 8(6)-B(I0)-B(II) 58.3905) 
B(6)-8(2)-8(II) 59.76(15) B(2)-8(Il)-B(6) 59.51(15) 
07)-B(2)--B(II) 55.83(14) B(2)-80I)--C(7) 59.52(14) 
8)-B(3)--B(2) 60.26(16) 3(6)-8(I 	-B(I0) 59.15(15) 
B(I)-B(3)--8(4) 6011 (16) C(7)-C(71)--C(72) (23.71 (21) 
8(2)-B(3)-C(7) 58.7205) C(7)-Cf71)--C(76) 119.18(20) 
B(4)-8(3)-C(8) 58.82(15) C(72)-C(71)--C(76) 117.02(22) 
C(7)-B0)--08) 5532(14) C471)-C(72)--C(73) 121.00(25) 
B(I)-B(4)--8(3) 59.99(16) 72)-CC73)--CC74) 121.00) 
B(I)-B(4)--8(5) 61.00(15) C(73)-CL74)--C(75) 118.9(3) 
6(3)-B(4)--C(8) 59.33 (15) C(74)--C475)--CC76) 120.4(3) 
8(5)-B(4)--B(9) 59.37 (15) C(71)-C(76)--C(75) 121.69(23) 
Q8)-8(4)--B(9) 55.26(14) qs)-C(81)--C(82) 122.65(20) 
B(1)-B(5)--B(4) 40.08(15) C(8)-C(81)-C(86) 119.11(20) 
3)-.B(5)-8(6) 59.20(15) 082)-C(81)--086) 118.22 (21) 
B(4)-0(5)--8(9) 61.2805) C(81)-CL82)--C(83) 120.59(22) 
B(6)-8(5)--B(10) 59.49(15) C(82)-C(83)-084) 120.40(24) 
8(9)-9(5)--B(I0) 61.37(15) q83)-084)-C(85) 119.4(3) 
8(I)-8(6)-B(2) 59.75(15) C(84) --- C(*5)--C(86) 120.39(25) 
8(I)-8(6)--B(5) 59.52(15) 080-080--085) (20.83(22) 
3(2)-8(6)-3(II) 60.73(15) C(I)-N--02) 108.75(20) 
3(5)-.8(6)--8(l0) 58.63(15) C(I)-N--C(3) 108.60(20) 
8(I0)-B(6)-B(II) 62.47(15) C(l)-N-C(4) 108.02(19) 
8(2)-C(7)--3(3) 61.53(16) C(2)-N--C43) 109.90(19) 
8(2)-C(7)--60 I) 64.6505) C(2)-N--04) 110.80119)  
122.25(18) C(3)-N--C(4) ((0.70((9) 
8(3)-Q7)--C(S) 62.32(15) N-C(4)--C(41) 113.89(21) 
3(3)-C(7)--C(71) 116.54(19) C(4)-C(4 I)--C(42) 121.96(24) 
c{S)-C(7)--C(71) 116.47(18) C(4)-C441)--C(46) 119.86(24) 
3(1I)-C(7)--C471) 120.62(19) C(42)-C(41)--C(46) 118.2 (3) 
3(3)-.-C(8)--8(4) WAS (IS) C(41)-C(42)--C(43) 120.8 (3) 
8(3)-C(8)--Q7) 62.16(15) C(42)-C(43)--C(44) 119.0(3) 
8(3)-08)--09I) 117.13(19) C(43)-CL44)--C(45) 121.0(4) 
B(4)-C(8)--B(9) 64.64(15) C(44)-C(45)--C(46) 119.8(4) 
B(4)-C(S)--C(8I) 120.61(18) q41)-C(46)--C(45) 121.2(3) 
required for twists of these magnitudes are well 
within the range of crystal packing forces, and it may 
be significant in this respect that, in the crystal of the 
[Me3NCH 2C6H 5] salt, ring C(81)-C(86) is proximal 
to the C(l)H 3 methyl group of the cation [shortest 
contacts H(14)C(81) 2.75 (3), H(14) ... C(82) 
2.84 (3), H(14)••C(86) 2.82 (3) Al. Were these con- 
tacts to be responsible for the twist of the C(8 I)- 
714 	 C6H 16N .C 14 H 20B AND C IOH I6N.C I4H O B 
C(86) ring it would be likely that the C(71)-C(76) 
ring would twist in the same sense by roughly the 
same amount as a consequence of interphenyl intra-
molecular crowding. In the following paper (Lewis & 
Welch. 1993/), a further example of this structural 
cooperation between the adjacent phenyl rings of 
carbaboranes is described. 
Inclusion of one or both phenyl rings in the 
misfit calculations has the expected results; the 
{CB, 0[C(8l)-C(86))} fragments have an r.m.s. misfit 
of 0.086 A and the {C2 B 1 C(7l)-C(76)J} fragments 
an r.m.s. misfit of 0.160 A, the greatest individual 
misfits occurring for the ortho and mew C atoms. 
For {CB 10[C6]2} fragments the r.m.s. misfit is 
0.184 A. 
The C(7)-C(8) distance, 1.590 (5) A in the 
[HNEt3] salt and 1.602 (3) A in the 
[Me3 NCH2C6H51 salt, is substantially less than the 
C(cage)-C(cage) distance in 1.2-Ph 2- 1 ,2-closo-
C2 B 10H 10 (Lewis & Welch, 1993a). This is an impor-
tant result since it shows that aryl-bearing cage C 
atoms can approach to within reasonably short dis-
tances [for comparison, C-C in [7,8-nido-C 2 B9H 12] 
is 1.542 (4) A (Buchanan, Hamilton, Reed & Welch, 
1990)j and it supports the conclusion (Lewis & 
Welch, 1993a) that there is an electronic contribution 
to the long C(cage)-C(cage) connectivity in 1.2-Ph 2-
1,2-c10s0-C 2 B 10H 10 at low 8 values. In fact, the 
change in the C(cage)-C(cage) length is only one of 
three measurable structural differences between 
1.2-Ph,-1,2-c1oso-C2 B 10H 10 and [7,8-Ph2-7,8-nido-
C2 9911 10], the others being (facial B-B) and (facial 
B --- C), where facial refers to the open C 2 B3 face of 
the nido polyhedron as a capping {BH} 2 fragment 
is replaced by an endo [to B(10)J proton. Table 5 
summarizes the relevant parameters and shows that 
from 12-Ph2- 1 ,2-closo-C 2 B 10H 10 to [7,8-Ph2-7,8-nido-
C2 B9H 10], (facial B-B) lengthens, (facial B-C) 
shortens and, as previously noted, C-C shortens. 
Fig. I. Perspective view of (7.8-Ph2-7.8-nido-C 2 BeH, 0 ([HNEt,J 
salt. 50% thermal ellipsoids, except for H atoms which have 
artificial radii of 0.1 A for clarity). 
Table 5. Comparison of key molecular parameters ( A) 
in I .2-Ph 2- I .2-closo-C.B 10H 10 and [7.8-Ph-7.8-nido- 
CBQ H Q] 
l.1.Ph..l.2-doso-C : B,..H, 	7S.Ph..S•n,i-C.B.H0I 
tFaaai B-8 
CFaaiJB-O 	 l'(Or 
(C-C) 	 I.72714r 	 96(4)' 
Notes: (a) average of 8 measurements over 2 molecules, range 1.754(6)-
1.781 (6)A: b) average of 4 measurements over 2 molecules, range 
1.795 (8)-I .843(4) A. (c) 8 measurements. 1.700 (5)-I .715 (5) A: (d) 4 mess-
urenlents. 1.630 (3)-I .638 (7) A (e) 2 measurements. 1.720(4) and 
1.733(4) A. (f) 2 measurements. 1.590(5) and I.602 (3) A: (g) e.s.d. of 
mean from (c.s.d.) 1 - j(sc, - ,c..)1/(N - I) where e, is the j(h e.s.d. and 
the mean of N similar types (h) e.s.d. of mean is mean e.s.d. 
These changes are fully analogous to those 
previously identified in the comparison of [3-PPh 3-
3,1,2-c1oso-CuC 2 B9H 11] (Do, Kang, Knobler & 
Hawthorne, 1987) and [7,8-nido-C 2 B9H 121 
(Buchanan, Hamilton, Reed & Welch, 1990), and 
have been traced (Hamilton & Welch. 1990) to 
differing degrees of depopulation of the tilled 
ir MO's of [7,8-nido-C2 B9H 11 ]2 by zero-electron 
three-orbital ({R 3PCu} or {BH} 2 ) and zero-
electron one-orbital (H ) units. 
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The synthesis and characterisation of arene—ruthenium complexes 
of C-substituted carbaboranes. Molecular structures 
of 1-Ph-3-(mes)-3,1,2-closo-RuC 2 B 9 H 10 (mes = C 6 H 3-1,3,5) 
and 1-Ph-2-Me-3-( p-cym) -3,1 ,2 -closo-RuC 2  B9 
(p-cym = CH 4 Me1'Pr4), the latter showing an incipient deformation 
Jill Cowie, Bruce D. Reid, Jude M.S. Watmough, Alan J. Welch * 
Department of Chemistry, University of Edinburgh, Edinburgh EH9 3JJ, UK 
Received 15 March 1994 
Abstract 
The synthesis and characterization of T12[7-Ph-7,8-nido-C2B9H 10], 3-(p-cym)-3,1,2-c1oso-RuC 2 B 9 H 11 (1), 1-Ph-3-(mes)-3,1,2-c1oso-
RuC 2 13 9 1­1 10 (2), 1-Ph-3-(p-cym)-3,1,2-closo-RuC 2 B 9 H 10 (3) and 1-Ph-2-Me-3-(p.cym)-3,1,2-closo-RuC 2 B 9 H 9 (4) are reported. 
The ruthenium-containing species are obtained from the reactions between the appropriate [(arene)RuCl 2 ] 2  and either Tl2[7,8-
nido-C 2 13 911 11 ], T1 2[7-Ph-7,8-nido-C 2 B9 H 10 ] or T1 2[7-Ph-8-Me-7,8-nido-C 2 B 9 H 9 ]. Crystallographic studies on 2 and 4 reveal that 
whereas the former contains an essentially undistorted {RuC 2 B9} framework, there is some indication that in the latter, a 
polyhedral deformation from closo towards pseudocloso has just begun. This idea gains support from comparison of the "B NMR 
shifts for 1, 3 and 4 with those for reference carbaboranes. 
Key words: Heteroboranes; Carbaboranes; Ruthenium; Arene complexes; Crystal structure 
1. Introduction 
Recently, we reported that unusual molecular struc-
tures and unusually facile polyhedral rearrangements 
can result from intramolecular crowding in carbametal-
laboranes. Specifically, the species 1,2-Ph 2-3-(C 5 Me5 )-
3,1,2-RhC 2 B 9 H 9 has been shown [2] to adopt a "pseu-
docloso" structure based on an icosahedron, but with 
an open Rh(3)C(1)B(6)C(2) face, and to show unusu-
ally high frequency shifts in its 11 13 NMR spectrum, 
whereas 1-Ph-3,3-(PMe 2 Ph) 2-3, 1,2-PtC 2 B9 10  under-
goes isomerization [3] even at only 55°C to separate the 
cage carbon atoms. 
* Corresponding author. Present address: Department of Chemistry, 
Heriot-Watt University, Edinburgh EH14 4AS, UK. 
° For Part 6, see Ref. [1]. 
These findings prompted us to make a systematic 
study of the effects on the spectroscopic and stereo-
chemical properties and reactivity, gradually increasing 
the degree of crowding in a homologous series of 
carbametallaborane polyhedra, and we report below 
the synthesis and characterization of arene ruthenium-
species with phenyl- and methyl-phenyl-C 2 B 9 ligands. 
Our initial targets were 3-(p-cym)-3,1,2-c1oso-RuC 2 B 9-
H 11 (1), 1-Ph-3-( p-cym)-3, 1,2-closo-RuC 2B 9H 10 (3) and 
1-Ph2-Me-3-( p-cym)-3 , 1 ,2-closo-RuC 2B 9H 9 (4). Struc-
turally characterized analogues of 1 have previously 
been reported [4,5] and therefore it was not considered 
worthwhile to undertake a crystallographic study of 
this species. Compound 3 could only be obtained as 
very small crystals, so we also synthesized and struc-
turally analysed 1-Ph-3-(mes)-3, 1 ,2-closo-RuC 2B 9H,0 
(2) as an alternative to 3. 
0022-328X/94/$7.00 
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2. Experimental details 
2.1. Synthesis and characterization 
All reactions were carried out under dry, oxygen-free 
N2 by use of standard Schlenk techniques, with some 
subsequent manipulations carried out in the open labo-
ratory. Unless otherwise stated, all solvents were dried 
and distilled under N 2 just prior to use. NMR spectra 
were recorded on Bruker WP80SY or WH360 spec-
trometers as CDC1 3 solutions at 298 K, chemical are 
reported relative to external SiMe 4 ( 1 H) or BF3 OEt 2 
( 11 B, 11 B-{ 1 H}). JR spectra were recorded as a KBr 
disk or as reference solutions in CH 2 C1 2 on a Perkin-
Elmer 598 spectrophotometer. Microanalyses were 
performed by the departmental service. The starting 
materials T1 2 [7,8-nido-C 2 B 9 H 11 ] [4], T1 2 [7-Ph-8-Me-
7,8-nido-C 2 B 9 H 9] [61, [(mes)RuCl 2 ] 2  [71 and [(p-
cym)RuC1 2 ] 2  [81 were prepared by published methods 
or slight variants thereof. 
2.1.1. T1 2[7-Ph-7,8-nido-C2 B 9 H10 ] 
A mixture of 1-Ph-1,2-c/oso-C 2 B 10 H 11 (1.76 g, 8.0 
mmol) and KOH (2.69 g, 48 mmol) was stirred in 
EtOH (20 cm3 ) for 0.5 h then heated under reflux for 
15 h. The solution was allowed to cool, and EtOH was 
removed in vacuo to afford K 2[7-Ph-7,8-nido-C 2 B 9 H 10 ] 
as a waxy white solid, which was dissolved in H 20 (15 
cm3 ). The solution was filtered, and to the filtrate was 
added a solution of Tl[OOCCH 3 ] (4.21 g, 16 mmol) in 
H 20 (10 cm 3). The intensely bright yellow solid prod-
uct, Tl 2 [7-Ph-7,8-nido-C 2 B 9 H 10 ], which separated out 
was filtered off, washed successively with EtOH (3 X 15 
cm3 ) and Et 2 0 (3 x 15 cm 3 ), and dried in vacuo in a 
foil-covered container. Yield 4.0 g, 81%. Calculated for 
C8 H 15 B 9T1 2 ; 15.6% C, 2.45% H. Found; 15.0% C, 
2.18% H. JR (KBr) umax at 2509, 2443, and 2381 (all 
B—H) cm 1 . 
2.1.2. 3-(p-cym)-3, 1,2-closo-RuC 2 B9 H11 (1) 
To a mixture of [(p-cym)RuC1 2 ] 2  (0.29 g, 0.47 mmol) 
and T1 2[7,8-nido-C 2 B 9 H 11 ] (0.50 g, 0.92 mmol) in a 
foil-covered Schienk tube at - 196°C was added 
CH 2 Cl 2 (20 cm3 ). The mixture was allowed to warm 
slowly to room temperature and stirred overnight. The 
solution was filtered and the orange filtrate concen-
trated to ca. 2 cm 3 in vacuo. Preparative thin layer 
chromatography (TLC) on silica, with CH 2 C1 2/n-
hexane (60 : 40) as eluent, yielded a mobile yellow band 
with R f ca. 0.8. This was collected and the recovered 
solid was purified by recrystallization (CH 2 C1 2/hexane 
at - 30°C) to afford small yellow crystals of 3-(p-cym)-
3,1,2-c1oso-RuC 2 B 9 H 11 (1). Yield 0.09 g, 28%. Calcu-
lated for C 12 HB9 Ru; 39.0% C, 6.77% H. Found for  
1; 39.2% C, 6.85% H. I.r. (CH 2 C1 2 ) P n. at 2530 (s, br) 
(B—H) cm'. NMR: 1 H; 6 5.93-5.88 (m, 4H, 
MeCH4CHMe 2 ), 3.80 (br s, 2H, CcageH),  2.85 (hept, 
1H, 3HH = 7 Hz, MeC 6 H 4CHMe 2 ), 2.32 (s, 3H, 
MeC 6 H 4 CHMe 2 ), 1.28 (d, 3HH = 7 Hz, 6H, 
MeC 6 H 4CHMe 2 ) ppm. flB(1H);  8 2.77 (113), 1.25 
(113), —6.67 (213), —8.24 (213), —18.59 (213), —23.21 
(1B) ppm. 
2.1.3. 1-Ph-3- (mes)-3, 1,2-closo-RuC 2 B 9 H10 (2) 
To a mixture of [(mes)RuCl 2 1 2 (0.88 g, 1.5 mmol) 
and T1 2[7-Ph-7,8-nido-C 2 B 9 H 10 ] (1.85 g, 3.0 mmol) at 
- 196°C in a foil-covered Schlenk tube was added 
CH 2 C1 2 (10 cm3). The stirred mixture was allowed to 
warm to room temperature, resulting in a colour change 
and the appearance of a fine grey precipitate. After Ca. 
1 h, the mixture was filtered through Celite and the 
orange filtrate concentrated to ca. 2 cm 3 in vacuo. 
Preparative TLC (CH 2 C1 2/n-hexane, 60:40) revealed 
several bands, of which that with R f 0.7 (pale brown) 
was collected and evaporated. The residue was recrys-
tallized by solvent diffusion (CH 2 C1 2 solution I hexane, 
1 : 4, - 30°C) to yield 1-Ph-3-(mes)-3,1,2-c1oso-
RuC 2 13 9 H 10 (2) as large, well-formed yellow crystals. 
Yield 0.37 g, 29%. Calculated for C 17 H 27 B 9 Ru; 47.5% 
C, 6.33% H. Found for 2; 47.1% C, 6.04% H. IR 
(CH 2 C1 2 ) v.. at 2522 (s, br) (B—H) cm 1 . NMR: 1 H; 
6 7.28-7.04 (m, 5H, C 6 H5 ), 5.23 (s, 3H, CH3 Me 3 ), 4.32 
(br s, 1H, CHcage),  2.04 (s, 9H, CH 3 Me 3 ) ppm. llB{ 1 H} ; 
6 3.19 (113), 2.17 (113), —4.25 (113), —6.51 (1B), —8.35 
(213), - 14.13 (113), - 18.70 (213) ppm. 
2.1.4. 1-Ph-3-(p-cym)-3, 1, 2-c1oso-RuC B 9 H10 (3) 
In a procedure analogous to that used for 1, a 
mixture of [(p-cym)RuC1 2 ] 2 (0.25 g, 0.40 mmol) and 
T1 2[7-Ph-7,8-nido-C 2 B 9 H 10 ] (0.50 g, 0.81 mmol) in 
CH 2Cl 2 (20 cm3 ) was allowed to warm from - 196°C in 
a foil-covered Schlenk tube, and stirred overnight. The 
resulting peach coloured solution was filtered and con-
centrated to ca. 2 cm 3 . Preparative TLC (CH 2 C1 2/n-
hexane 60:40) yielded a complex mixture of bands, the 
most mobile of which (R f = 0.7) yielded small yellow 
crystals of 1-Ph-3-( p-cym)-3, 1,2-closo-RuC 2 B 9 H 10 (3) 
by slow diffusion of hexane into a CH 2 C1 2 solution 
(4: 1) at - 30°C. Yield 0.06 g, 18%. Calculated for 
C 18 H 29 B 9 Ru; 48.7% C, 6.59% H. Found for 3; 47.0% 
C, 6.92% H. JR (CH 2 C1 2 ) Vm at 2970 (C—H) and 2545 
(s, br) (B—H) cm 1 . NMR: 'H; 6 7.27-7.10 (m, 5H, 
C 6 H5 ), 5.51-4.97 (m, 4H, MeC 6 H4CHMe 2 ), 4.44 (br s, 
1H, Ccage H), 2.76 (m, 1H, MeC 6 H 4CHMe 2 ), 2.35 (s, 
3H, MeC 6 H4CHMe 2 )1  1.31 (app d, 3JHH = 7 Hz, 6H, 
MeC 6 H 4CHMe 2 ) ppm. 11 B-('H); 6 2.71 (213), —4.27 
(113), —6.91 (113), —7.71 (1B), —8.15 (113), —14.27 
(113), - 18.24 (213) ppm. 
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2.1.5. 1-Ph-2-Me-3- (p-cym) -3,1, 2-closo-RuC 2 B 9 H9 
(4) 
Similarly, a mixture of [(p-cym)RuC1 2 ]2  (0.29 g, 0.48 
mmol) and Tl 2[7-Ph-8-Me-7,8-njdo-C 2 B 9 H 9 ] (0.60 g, 
0.95 mmol) in CH 2 C1 2 (20 cm3) were allowed to warm 
from - 196°C and stirred overnight at room tempera-
ture. The resulting deep red solution was filtered to 
remove the grey precipitate and the filtrate concen-
trated to ca. 2 cm 3 in vacuo. Preparative TLC 
(CH 2 Cl 2/n-hexane 60:40) yielded two mobile bands. 
That at R f = 0.7 was collected and yielded a solid, 
Table 1 
Crystallographic data and details of data collection and structure 
refinement 
2 3 4 
Formula C 17 H 27 B9 Ru C 18 H 29 B9 Ru C 19 H 31 B9 Ru 
M 429.76 443.79 457.82 
System Orthorhombic Monoclinic Monoclinic 
Spacegroup P2 1 2 1 2 1 P2 1 /c P2 1 
a (A) 9.300(4) 13.33(3) 14.803(6) 
b (A) 14.217(5) 9.439(3) 18.935(6) 
c (A) 15.194(3) 17.627(16) 7.944(3) 
p (°) 90 108.21(13) 101 .43(5) 
2008.9 2107.7 2181.0 
Z 4 4 4 (2 inde- 
pendent) 
Dcoic  (g cm 3 ) 1.421 1.398 1.393 
it (Mo Ka) 7.64 7.30 7.07 
(cm - ') 
F(000) (e) 872 904 936 
°orientation (°) 14-15 6-11 9-22 
T(K) 291±1 291±1 205±1 
°data collection (°) 1-25 1-25 
hrange 0-*+11 -17--*+17 
krange 0-+16 0-+22 
lrange 0-n+18 
w scan speeds 0.92-2.35 0.78-2.35 
(°min) 
Data measured 2044 4281 
Data observed 2012 3412 
Criterion for F> 2.0o-(F) F> 2.0o(F) 
observed 
Period (h) 47 97 




g 0.001418 0.000960 
R 0.0297 0.0419 
R 0.0494 0.0484 
S 0.977 1.070 
Variables 278 279 (block 1), 
280 (block 2) 
Max. residue 0.58 0.62 near 
(eA) Ru(3b) 
Mm. residue -0.60 -0.47 
(eA) 
Table 2 
Fractional coordinates of non-hydrogen atoms in compound 2 
Ru(3) 0.57101(3) 0.46432(2) -0.05340(2) 
C(1) 0.6556(4) 0.5716(3) - 0.14189(24) 
CO 1) 0.5327(4) 0.6180(3) - 0.1890(3) 
 0.4572(5) 0.6929(3) -0.1499(3) 
 0.3362(5) 0.7331(3) - 0.1919(3) 
 0.2951(6) 0.7018(4) -0.2710(3) 
 0.3712(5) 0.6308(4) -0.3144(3) 
 0.4896(6) 0.5885(4) - 0.2729(3) 
 0.4960(5) 0.3477(3) 0.0316(3) 
 0.45 19(5) 0.4340(3) 0.0682(3) 
 0.3693(5) 0.5013(3) 0.0209(3) 
 0.3314(5) 0.4793(4) -0.0671(3) 
 0.3724(4) 0.3928(3) -0.1058(3) 
 0.4563(5) 0.3282(3) -0.0572(3) 
C(311) 0.5844(6) 0.2802(3) 0.0838(4) 
C(331) 0.3227(7) 0.5899(4) 0.0628(4) 
C(351) 0.3299(6) 0.3707(4) - 0.2006(4) 
C(2) 0.7069(5) 0.4638(3) -0.1684(3) 
B(12) 0.9430(6) 0.4788(5) -0.0519(4) 
B(1 1) 0.8918(6) 0.4581(4) - 0.1620(3) 
B(4) 0.6918(5) 0.5955(3) - 0.0341(3) 
B(6) 0.8079(5) 0.5601(4) - 0.2043(3) 
B(5) 0.7990(6) 0.6435(3) - 0.1193(3) 
B(7) 0.7873(5) 0.4096(3) - 0.0773(3) 
 0.8817(6) 0.5935(4) - 0.0240(3) 
 0.9526(6) 0.5739(4) -0.1292(4) 
B(8) 0.7820(5) 0.4945(4) 0.01080) 
which was recrystallized from CH 2 C1 2/n-hexane (1:4) 
at - 30°C to yield diffraction-quality yellow single crys- 
tals of 1 -Ph-2-Me-3-( p-cym)-3,1 ,2-closo-RuC 2 B 9 H 9 (4). 
Fig. 1. Perspective view of the molecular structure of 2 (50% thermal 
ellipsoids) with sufficient atoms labelling to completely identify all 
atoms. Aromatic rings are labelled cyclically C(xy) (y = 1-6). 
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Table 3 
Fractional coordinates of non-hydrogen atoms in compound 4 
x y z 
C(la) 0.0932(5) 0.0889(4) 0.1179(9) 
C(2a) 0.1741(6) 0.0743(5) 0.3083(9) 
Ru(3a) 0.06 136(4) 0.00000 0.26946(7) 
B(4a) 0.0795(5) 0.0118(4) 0.0014(8) 
B(5a) 0.1467(5) 0.0823(5) -0.0446(9) 
B(6a) 0.2036(6) 0.1224(5) 0.1448(9) 
B(7a) 0.2125(6) -0.0111(5) 0.3136(9) 
B(8a) 0.1551(6) - 0.0514(5) 0.1215(9) 
B(9a) 0.1889(6) -0.0057(5) -0.0455(9) 
B(lOa) 0.2683(6) 0.0622(6) 0.0369(9) 
B(l1a) 0.2778(6) 0.0579(6) 0.2596(9) 
B(12a) 0.2690(6) - 0.0196(5) 0.1433(10) 
C(12a) 0.0360(3) 0.2101(3) 0.1901(6) 
C(13a) -0.0335(3) 0.2610(3) 0.1675(6) 
C(14a) -0.1184(3) 0.2472(3) 0.0603(6) 
C(15a) - 0.1339(3) 0.1825(3) - 0.0243(6) 
C(16a) - 0.0644(3) 0.13 15(3) -0.00 17(6) 
C(l1a) 0.0205(3) 0.1453(3) 0.1054(6) 
C(21a) 0.1737(6) 0.1177(5) 0.4746(8) 
C(31a) -0.0547(5) 0.0357(4) 0.4078(8) 
C(32a) 0.0130(5) -0.0009(4) 0.5194(8) 
C(33a) 0.0427(6) -0.0706(4) 0.4844(9) 
C(34a) 0.0009(5) -0.1018(4) 0.3289(9) 
C(35a) -0.0639(4) -0.0652(4) 0.2099(8) 
C(36a) -0.0921(5) 0.0031(4) 0.2510(8) 
C(37a) -0.0910(6) 0.1055(5) 0.4442(10) 
C(40a) 0.0242(6) -0.1787(4) 0.2910(10) 
C(41a) 0.1128(7) - 0.2046(5) 0.4023(10) 
C(44a) -0.0552(7) -0.2262(5) 0.3005(10) 
C(lb) 0.4055(5) 0.3704(5) 0.4026(8) 
C(2b) .0.3359(5) 0.3646(4) 0.2049(9) 
Ru(3b) 0.43561(4) 0.45002(3) 0.22747(8) 
B(4b) 0.4029(5) 0.4578(4) 0.4797(8) 
B(5b) 0.3359(6) 0.3842(5) 0.5536(9) 
B(6b) 0.2970(6) 0.3316(6) 0.3889(10) 
B(7b) 0.2858(5) 0.4461(5) 0.1433(9) 
B(8b) 0.3238(6) 0.5067(5) 0.32 19(10) 
B(9b) 0.2840(7) 0.4696(6) 0.5029(10) 
B(lOb) 0.2270(6) 0.3908(6) 0.4378(10) 
B(1 ib) 0.2238(6) 0.3770(5) 0.2241(10) 
B(12b) 0.2158(6) 0.4612(6) 0.2973(10) 
C(12b) 0.4828(3) 0.24912(23) 0.4123(5) 
CO 3b) 0.5577(3) 0.20512(23) 0.4741(5) 
C(14b) 0.6337(3) 0.23130(23) 0.5899(5) 
C(15b) 0.6349(3) 0.30147(23) 0.6439(5) 
C(16b) 0.5600(3) 0.34546(23) 0.5820(5) 
CO 1b) 0.4839(3) 0.31929(23) 0.4662(5) 
C(21b) 0.3495(6) 0.3102(4) 0.0776(9) 
C(31b) 0.5744(5) 0.4167(4) 0.1564(8) 
C(32b) 0.5091(5) 0.4280(4) 0.0088(9) 
C(33b) 0.4631(5) 0.4920(5) -0.0171(8) 
C(34b) 0.4790(5) 0.5494(5) 0.1068(9) 
C(35b) 0.5385(5) 0.5333(4) 0.2501(9) 
C(36b) 0.5884(5) 0.4703(5) 0.2826(9) 
C(37b) 0.6328(6) 0.3503(5) 0.1847(10) 
C(40b) 0.4323(6) 0.6181(5) 0.0722(10) 
C(41b) 0.3479(7) 0.6186(6) -0.0726(1 1) 
C(44b) 0.50 15(7) 0.6723(6) 0.0507(12) 
Yield 0.06 g, 13%. Calculated for C 19 H 31 B 9 Ru; 49.9% 
C, 6.83% H. Found for 4; 49.4% C, 6.91% H. JR 
(CH 2Cl 2)at 2965 (C-H).and 2540 (s, br) (B-H) 
cm 1 . NMR: 1 H; 6 7.36-7.13 (m, 5H, C 6 H5 ), 5.76-5.23 
(m, 4H, MeC 6 H4CHMe 2 ), 2.88 (m, 1H, MeC 6 H 4-
CHMe 2 ), 2.48 (s, 3H, MeC 6 H 4CHMe 2 ), 1.64 (s, 3H, 
Ccage Me), 1.29-1.24 (m, 6H, MeC 6 H 4CHMe 2 ) ppm. 
"B-('H); 6 4.11 (2B), -2.05 (1B), -4.83 (1B), -6.50 
(1B), -9.03 (1B), -11.30 (1B), -12.51 (1B), -16.07 
(1B) ppm. 
2.2. Crystallographic studies 
All measurements were carried out at room temper-
ature on an Enraf-Nonius CAD4 diffractometer 
Fig. 2. Perspective views of single molecules of (a) 4a and (b) 4b, 
drawn with the same conventions as Fig. 1. 
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Table 4 
Interatomic distances (A) and selected interbond angles (0)  in compound 2 
Ru(3)-C(1) 2.181(4) C(33)-C(34) 1.419(7) 
Ru(3)-C(31) 2.215(4) : 	 C(33)-C(331) 1.476(7) 
Ru(3)-C(32) 2.196(4) C(34)-C(35) 1.414(7) 
Ru(3)-C(33) 2.251(5) C(35)-C(36) 1.413(6) 
Ru(3)-C(34) 2.248(5) C(35)-C(35 1) 1.527(7) 
Ru(3)-C(35) 2.253(4) C(2)-B(11) 1.724(7) 
Ru(3)-C(36) 2.210(4) C(2)-B(6) 1.748(7) 
Ru(3)-C(2) 2.157(5) C(2)-B(7) 1.752(7) 
Ru(3)-B(4) 2.196(5) B(12)-B(1 1) 1.763(8) 
Ru(3)-B(7) 2.188(5) B(12)-B(7) 1.793(7) 
Ru(3)-B(8) 2.232(5) B(12)-B(9) 1.779(8) 
C(1)-C(1 1) 1.501(5) B(12)-B(10) 1.793(8) 
C(1)-C(2) 1.656(6) B(12)-B(8) 1.788(8) 
C(1)-B(4) 1.706(6) B(11)-B(6) 1.768(7) 
C(1)-13(6) 1.713(6) B(11)-B(7) 1.753(7) 
C(1)-13(5) 1.714(6) B(11)-13(10) 1.810(8) 
C(1 1)-C(12) 1.407(6) B(4)-B(5) 1.771(7) 
C(1 1)-C(16) 1.402(7) B(4)-B(9) 1.773(7) 
C(12)-C(13) 1.414(7) B(4)-B(8) 1.796(7) 
C(13)-C(14) 1.338(7) B(6)-B(5) 1.755(7) 
C(14)-C(15) 1.398(7) B(6)-B(10) 1.776(8) 
C(15)-C(16) 1.404(7) B(5)-B(9) 1.787(7) 
C(31)-C(32) 1.408(6) B(5)-B(10) 1.745(8) 
C(31)-C(36) 1.427(6) B(7)-B(8) 1.804(7) 
C(31)-C(31 1) 1.491(7) B(9)-B(10) 1.752(8) 
C(32)-C(33) 1.421(6) B(9)-B(8) 1.766(7) 
C(1)-Ru(3)-C(2) 44.90(16) B(1 1)-C(2)-B(7) 60.6(3) 
C(1)-Ru(3)-B(4) 45.89(16) B(1 1)-B(12)-B(7) 59.1(3) 
C(31)-Ru(3)--C(32) 37.22(16) B(1 1)-B(12)-B(10) 61.2(3) 
C(31)-Ru(3)-C(36) 37.63(16) B(7)-B(12)-B(8) 60.5(3) 
C(32)-Ru(3)-C(33) 37.23(16) B(9)-B(12)-B(10) 58.7(3) 
C(33)-Ru(3)-C(34) 36.76(17) B(9)-B(12)-B(8) 59.3(3) 
C(34)-Ru(3)-C(35) 36.62(17) C(2)-B(11)-B(6) 60.1(3) 
C(35)-Ru(3)-C(36) 36.88(16) C(2)-B(11)-B(7) 60.5(3) 
C(2)-Ru(3)-B(7) 47.56(18) B(12)-B(1 1)-B(7) 61.3(3) 
B(4)-Ru(3)-B(8) 47.85(18) B(12)-B(1 1)-B(10) 60.2(3) 
B(7)-Ru(3)-B(8) 48.15(18) B(6)-B(1 1)-B(10) 59.5(3) 
Ru(3)-C(1)-C(11) 109.1(3) Ru(3)-B(4)-C(1) 66.56(20) 
Ru(3)-C(1)-C(2) 66.81(21) Ru(3)-B(4)-B(8) 67.12(22) 
Ru(3)-C(1)-B(4) 67.55(20) C(1)-B(4)-B(5) 59.0(3) 
CO 1)-C(1)-C(2) 120.7(3) B(5)-B(4)-B(9) 60.6(3) 
C(11)-C(1)-B(4) 121.4(3) B(9)-B(4)-B(8) 59.3(3) 
CO 1)-C(1)-130) 114.1(3) C(1)-B(6)-C(2) 57.2(3) 
C(1 1)-C(1)-B(5) 115.2(3) C(1)-B(6)-B(5) 59.2(3) 
C(2)-C(1)-B(6) 62.5(3) C(2)-B(6)-B(1 1) 58.7(3) 
B(4)-C(1)-B(5) 62.4(3) 13(11)-B(6)-B(10) 61.4(3) 
B(6)-C(1)-B(5) 61.6(3) B(5)-B(6)-B(10) 59.2(3) 
C(1)-C(11)-C(12) 120.7(4) C(1)-B(5)-B(4) 58.6(3) 
C(1)-C(11)-C(16) 121.3(4) C(1)-B(5)-B(6) 59.1(3) 
C(12)-C(1 1)-C(16) 117.9(4) B(4)-B(5)-B(9) 59.8(3) 
C(1 1)-C(12)-C(13) 120.8(4) B(6)-B(5)-B(10) 61.0(3) 
C(12)-C(13)-C(14) 119.9(5) B(9)-B(5)-B(10) 59.5(3) 
C(13)-C(14)-C(15) 121.3(5) Ru(3)-B(7)-C(2) 65.31(22) 
C(14)-C(15)-C(16) 119.6(5) Ru(3)-B(7)-B(8) 67.22(22) 
C(1 1)-C(16)-C(15) 120.3(4) C(2)-B(7)-b(1 1) 58.9(3) 
Ru(3)-C(31)-C(31 1) 128.2(3) B(12)-B(7)-B(1 1) 59.6(3) 
C(32)-C(31)-C(36) 117.8(4) B(12)-B(7)-B(8) 59.6(3) 
C(32)-C(31)-C(311) 120.8(4) B(12)-B(9)-B(10) 61.0(3) 
C(36)-C(31)-C(311) 121.4(4) B(12)-B(9)-B(8) 60.6(3) 
C(31)-C(32)-C(33) 123.0(4) B(4)-B(9)-B(5) 59.7(3) 
Ru(3)-C(33)-C(331) 131.3(4) B(4)-B(9)-B(8) 61.0(3) 
C(32)-C(33)-C(34) 117.6(4) B(5)-B(9)-B(10) 59.1(3) 
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C(34)-C(33)-C(331) 121.4(4) B(12)-B(10)-B(9) 60.2(3) 
C(33)-C(34)--C(35) 121.1(4) B(1 1)-B(10)-B(6) 59.1(3) 
Ru(3)-C(35)-C(351) 129.7(3) B(6)-B(10)-B(5) 59.8(3) 
C(34)-C(35)-C(36) 119.8(4) B(5)-B(10)-B(9) 61.5(3) 
C(34)-C(35)-C(351) 120.0(4) Ru(3)-B(8)-B(4) 65.03(22) 
C(36)-C(35)-C(351) 120.1(4) Ru(3)-B(8)-B(7) 64.63(22) 
C(31)-C(36)-C(35) 120.7(4) B(12)-B(8)-B(7) 59.9(3) 
Ru(3)-C(2)-C(1) 68.30(21) B(12)-B(8)-B(9) 60.1(3) 
Ru(3)-C(2)-B(7) 67.13(22) B(4)-B(8)-B(9) 59.7(3) 
C(1)-C(2)-B(6) 60.3(3) 
B0 1)-C(2)-B(6) 61.2(3) 
equipped with graphite-monochromated Mo Ka X-
radiation (Abar  = 0.71069 A) operating in the 0-20 
mode. 
Table 1 lists details of the unit cell data for 2-4, 
and, in the cases of compounds 2 and 4, intensity data 
collection and structure refinement. In each case, the 
unit cell parameters and the orientation matrix for 
data collection were established by least-squares re-
finement of the setting angles of 25 strong, high angle, 
reflections. Remeasurement at intervals of the intensi-
ties of check reflections revealed no crystal decay in 
either case. Only data with F ~!w 2.0o- (F) were retained 
for structure solution and refinement. 
Both crystal structures were solved by Patterson 
(metal atom) and difference Fourier (all other non-H 
atom) methods, and refined by full-matrix least-squares. 
Although the structure of 2 was solved and refined 
without any difficulty, that of 4 suffers from the effects 
of severe pseudosymmetry, since the arrangement of 
RuC 2 B 9 icosahedra corresponds closely to P2 1 1n. 
However, the true space group is only P2 1 , with two 
crystallographically-independent molecules per asym-
metric unit. This situation was greatly clarified by the 
use of DIRDIF [9]. An empirical absorption correction 
(DIFABS [101) was applied to each data set following 
isotropic convergence. Phenyl rings were treated as 
rigid, planar hexagons (C—C 1.395 A). Cage H atoms in 
4 were located from difference Fourier map and al-
lowed positional refinement subject to a common B—H 
distance of 1.10(5) A, whereas those in 2 were fixed in 
idealized positions 1.1 A from their respective C or B 
atoms. All non-cage H atoms in both structures were 
fixed at idealized sites (C—H 1.08 A). H atoms were 
assigned (variable) group thermal parameters (2 in 2, 1 
in 4). All non-H atoms were refined with anisotropic 
thermal parameters, and in the final stages of refine-
ment data were weighted such that w' = [o-2(F) + 
gF2 ]. 
Atomic scattering factors for B, C, and H were those 
inlaid in SHELX-76 [11], whilst those for Ru were taked  
from International Tables [12]. Programs used in addi-
tion to those referenced above were CADABS [13], CALC 
[14], and SHELXTL [15]. Tables of final (non-H) atomic 
positional parameters appear as Tables 2 and 3. Tables 
of anisotropic thermal parameters and H atom posi-
tions, and full lists of interbond angles have been 
deposited at the Cambridge Crystallographic Data 
Centre. 
3. Results and discussion 
The anion [7-Ph-7,8-nido-C2 B 9 H 10 ]2 is produced 
in high yield by decapitation of 1-Ph-1,2-closo-
C 2 B 10 H 11 with 6 equivalents of KOH in refluxing 
EtOH. As previously shown to be the case for other 
C 2 13 9 carbaborane dianions [2,4,16], [7-Ph-7,8-nido-
C 2 B 9 H 10 ] 2 is readily isolated as its thaliium(I) salt, 
which is a convenient precursor for transition metal 
complexes of the PhC 2 B 9 H 10 ligand [3]. 
Thus, TI 2[7,8-nido-C 2 B 9H 1  ] and Ti 2[7-Ph-7,8-nido-
C 2 B 9 H 10 ] react with the species [(arene)RuC1 2 ]2 
[arene = C6 H 3 Me3-1,3,5 (mes) or C 6 H 4 Me 1 Pr-1,4 (p-
cym)] to afford the carbaruthenaborane compounds 
1-3, respectively, in moderate yield following purifica-
tion involving preparative TLC and subsequent recrys-
tallization. Similarly, Tl 2[7-Ph-8-Me-7,8-nido-C 2  B 9 H 9 ] 
[6] reacts with the p-cymene ruthenium dimer to afford 
the doubly Ccage  substituted compound 4 in modest 
yield after similar work-up. The syntheses of 1-4 in 
this way parallel those of other 1-R-2-R'-3-(arene)-
3,1,2-closo-RuC 2 B 9 H 9 compounds, specifically R = R' 
= H, arene = C6 H 6 [4,17]; R = CH 20CH 3, R = H, 
arene =p-cym [18]; and R = R' = CH 20CH 3 , arene = 
p-cym [18]. A related method involves reaction between 
the same kind of metal substrate and the appropriate 
monoanionic carbaborane ligand in the presence of 
base, as exemplified by the synthesis [19] of 3-(C 6 Me6 )-
3,1,2-closo-RuC2B9H 11• 
Compounds 1-4 were characterized by microanaly-
sis, IR, 1 H NMR and B/ ' 1 B-{ 1 H} NMR spectro-
scopies, as detailed in Section 2. In the 11 13 spectra all 
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Table 5 
Interatomic distances (A) and selected interbond angles (°) in compound 4 
C(la)-C(2a) 1.754(11) C(lb)-C(2b) 1.702(10) 
C(la)-Ru(3a) 2.175(7) C(lb)-Ru(3b) 2.157(8) 
C(la)-B(4a) 1.719(10) C(lb)-B(4b) 1.769(11) 
C(la)-B(Sa) 1.648(11) C(lb)-B(5b) 1.750(12) 
C(la)-B(6a) 1.725(11) C(lb)-B(6b) 1.748(12) 
C(la)-C(1 la) 1.505(9) C(lb)-C(1 ib) 1.517(9) 
C(2a)-Ru(3a) 2.157(8) C(2b)-Ru(3b) 2.172(7) 
C(2a)-B(6a) 1.713(12) C(2b)-B(6b) 1.786(12) 
C(2a)-B(7a) 1.712(12) C(2b)-B(7b) 1.740(11) 
C(20-1301a) 1.684(13) C(2b)-B(1 ib) 1.711(12) 
C(2a)-C(21 a) 1.557(12) C(2b)-C(21b) 1.485(11) 
Ru(3a)-B(4a) 2.211(8) Ru(3b)-B(4b) 2.159(8) 
Ru(3a)-B(7a) 2.204(9) Ru(3b)-B(7b) 2.185(8) 
Ru(3a)-B(8a) 2.213(8) Ru(3b)-B(8b) 2.224(9) 
Ru(3a)-C(31a) 2.315(7) Ru(3b)-C(31b) 2.322(7) 
Ru(3a)-C(32a) 2.24 1(8) Ru(3b)-C(32b) 2.264(7) 
Ru(3a)-C(33a) 2.228(8) Ru(3b)-C(33b) 2.211(8) 
Ru(3a)-C(34a) 2.214(7) Ru(3b)-C(34b) 2.26 1(8) 
Ru(3a)-C(35a) 2.199(7) Ru(3b)-C(35b) 2.174(7) 
Ru(3a)-C(36a) 2.246(7) Ru(3b)-C(36b) 2.248(8) 
B(4a)-B(5a) 1.746(11) B(4b)-B(5b) 1.870(12) 
B(4a)-B(8a) 1.779(11) B(4b)-B(8b) 1.793(12) 
B(4a)-B(9a) 1.763(11) B(4b)-B(9b) 1.817(12) 
B(5a)-B(6a) 1.746(12) B(5b)-B(6b) 1.655(13) 
B(5a)-B(9a) 1.780(12) B(5b)-B(9b) 1.799(13) 
B(5a)-B(lOa) 1.826(12) B(5b)-B(10b) 1.694(13) 
B(6a)-B(10a) 1.811(12) B(6b)-B(10b) 1.625(13) 
B(6a)-B(lla) 1.770(13) B(6b)-B0lb) 1.750(13) 
B(7a)-B(8a) 1.765(12) B(7b)-B(8b) 1.826(12) 
B(7a)-B(lla) 1.728(13) B(7b)-B(llb) 1.788(12) 
B(7a)-B(12a) 1.733(12) B(7b)-B(12b) 1.776(12) 
B(8a)-B(9a) 1.738(12) B(8b)-B(9b) 1.802(13) 
B(8a)-B(12a) 1.765(12) B(8b)-B(12b) 1.791(13) 
B(9a)-B(10a) 1.776(12) B(9b)-B(lOb) 1.740(13) 
B(9a)-B(12a) 1.737(12) B(9b)-B(12b) 1.749(14) 
B(lOa)-B(lla) 1.749(13) B(lOb)-B(llb) 1.709(13) 
B(lOa)-B(12a) 1.763(13) B(10b)-B(12b) 1.725(13) 
B(lla)-B(12a) 1.725(13) B(llb)-B(12b) 1.709(13) 
C(31a)-C(32a) 1.384(10) C(31b)-C(32b) 1.380(10) 
C(31a)-C(36a) 1.403(10) C(31b)-C(36b) 	S 1.413(11) 
C(31a)-C(37a) 1.476(11) C(31b)-C(37b) 1.517(12) 
C(32a)-C(33a) 1.434(11) C(32b)-C(33b) 1.384(11) 
C(33a)-C(34a) 1.398(11) C(33b)-C(34b) 1.453(11) 
C(34a)-C(35a) 1.390(10) C(34b)-C(35b) 1.330(11) 
C(34a)-C(40a) 1.540(11) C(34b)-C(40b) 1.473(12) 
C(35a)-C(36a) 1.417(10) C(35b)-C(36b) 1.398(11) 
C(40a)-C(41a) 1.510(12) C(40b)-C(41b) 1.521(14) 
C(40a)-C(44a) 1.493(12) c(40b)-C(44b) 1.481(14) 
C(2a)-C(la)-RU(3a) 6.6(3) C(2a)-B(lla)-B(6a) 59.4(5) 
C(2a)-C(la)-B(6a) 59.0(4) C(2a)-B(1 la)-B(7a) 60.2(5) 
C(2a)-C(la)-C(1 la) 121.6(5) B(6a)-B(1 la)-B(lOa) 61.9(5) 
Ru(3a)-C(la)-B(4a) 68.0(3) B(7a)-B(1 la)-B(12a) 60.3(5) 
Ru(3a)-C(1a)-C(1 la) 110.8(4) 13000-130 la)-B(12a) 61.0(5) 
B(4a)-C(la)-B(5a) 62.4(5) B(7a)-B(12a)-B(8a) 60.6(5) 
B(4a)-C(la)-C(lla) 124.1(5) 1300-13020-130 la) 59.9(5) 
B(5a)-C(la)-B(6a) 62.3(5) B(8a)-B(12a)-B(9a) 59.5(5) 
B(5a)-C(la)-C(1 la) 116.7(6) B(9a)-B(12a)-B(10a) 61.0(5) 
B(6a)-C(la)-C(11a) 113.1(5) B(lOa)-B(12a)-B(1 la) 60.2(5) 
C(la)-C(2a)-Ru(3a) 66.7(4) C(la)-C(1 la)-C(12a) 123.1(5) 
C(la)-C(2a)-B(6a) 59.7(5) C0a)-C(1 la)-C(16a) 116.9(5) 
C(la)-C(2a)-C(21a) 122.2(6) Ru(3a)-C(31a)-C(37a) 133.4(5) 
Ru(3a)-C(2a)-B(7a) 68.3(4) C(32a)-C(31a)-C(36a) 117.1(7) 
Ru(3a)-C(2a)-C(21a) 109.5(5) C(32a)-C(31a)-C(37a) 124.6(7) 
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B(6a)-C(2a)-B(1 la) 62.8(5) C(36a)-C(31a)--C(37a) 118.2(7) 
B(6a)-C(2a)-C(21a) 114.0(6) C(31a)-C(32a)-C(33a) 123.2(7) 
B(7a)-C(2a)-130 la) 61.2(5) C(32a)-C(33a)-C(34a) 117.4(7) 
B(7a)-C(2a)-C(21a) 122.4(6) Ru(3a)-C(34a)-C(40a) 131.7(5) 
B(1 la)-C(2a)-C(21a) 116.7(7) C(33a)-C(34a)-C(35a) 121.0(7) 
C0a)-Ru(3a)-C(2a) 47.8(3) C(33a)-C(34a)-C(40a) 119.7(7) 
C0a)-Ru(3a)-B(4a) 46.2(3) C(35a)-C(34a)-C(40a) 119.2(7) 
C(2a)-Ru(3a)-B(7a) 46.2(3) C(34a)-C(35a)-C(36a) 119.5(6) 
B(4a)-Ru(3a)-B(8a) 47.4(3) . 	 C(31a)-C(36a)-C(35a) 121.6(7) 
B(7a)-Ru(3a)-B(8a) 47.1(3) C(34a)-C(400-C(41a) 113.3(7) 
C(31a)-Ru(3a)-C(32a) 35.3(3) C(34a)-C(40a)-C(44a) 110.5(7) 
C(31a)-Ru(3a)-C(36a) 35.8(3) C(41a)-C(40a)-C(44a) 112.0(7) 
C(32a)-Ru(3a)-C(33a) 37.4(3) C(2b)-C(lb)-Ru(3b) 67.3(4) 
C(33a)-Ru(3a)-C(34a) 36.7(3) C(2b)-00b)-B(6b) 62.3(5) 
C(34a)-Ru(3a)-C(35a) 36.7(3) C(2b)-C(lb)-C(1 Ib) 123.3(6) 
C(35a)-Ru(3a)-C(36a) 37.2(3) Ru(3b)-C(lb)-B(4b) 65.9(4) 
C0a)-B(4a)-Ru(3a) 65.8(3) Ru0b)-C(lb)-00 ib) 114.8(4) 
C(la)-B(4a)-B(5a) 56.8(4) B(4b)-C(lb)-B(5b) 64.2(5) 
Ru(3a)-B(4a)-B(8a) 66.4(4) B(4b)-C(lb)-C(1 ib) 123.3(6) 
B(5a)-B(4a)-B(9a) 60.9(5) B(5b)-C(lb)-B(6b) 56.5(5) 
B(8a)-B(4a)-B(9a) 58.8(5) B(5b)-C(lb)--C(1 ib) 112.4(6) 
C0a)-B(5a)-B(4a) 60.8(5) B(6b)-C(1b)-C(1 ib) 112.6(6) 
C(la)-B(5a)-B(6a) 61.0(5) C(lb)-C(2b)-Ru(3b) 66.4(4) 
B(4a)-B(5a)-B(9a) 60.0(5) C0b)-C(2b)-B(6b) 60.1(5) 
B(6a)-B(5a)-B(10a) 60.9(5) C0b)-C(2b)-C(21b) 122.3(6) 
B(90-13(50-1300a) 59.0(5) Ru(3b)-C(2b)-B(7b) 66.9(4) 
C(la)-B(6a)-C(2a) 61.4(5) Ru(3b)-C(2b)--C(21b) 113.0(5) 
C(la)-13(60-13(5a) 56.7(5) B(6b)-C(2b)-B(1 lb) 60.0(5) 
C(2a)-B(60-130 Ia) 57.8(5) B(6b)-C(2b)-C(21b) 115.1(6) 
B(5a)-B(6a)-B(10a) 61.8(5) B(7b)-C(2b)-B(1 ib) 62.4(5) 
B(10a)-B(6a)-B0 Ia) 58.5(5) B(7b)-C(2b)-C(21b) 122.1(6) 
C(2a)-B(7a)-Ru(3a) 65.4(4) B(1 lb)-C(2b)-C(21b) 114.9(6) 
C(2a)-B(7a)-B0 la) 58.6(5) C(1b)-Ru(3b)-C(2b) 46.3(3) 
Ru(3a)-B(7a)-B(8a) 66.7(4) C(lb)-Ru(3b)-B(4b) 48.4(3) 
13(80-13(70-13(12a) 60.6(5) C(2b)-Ru(3b)-B(7b) 47.1(3) 
B0 la)-B(7a)-B(12a) 59.8(5) B(4b)-Ru(3b)-B(8b) 48.3(3) 
Ru(3a)-B(8a)-B(4a) 66.2(4) B(7b)-Ru(3b)-B(8b) 48.9(3) 
Ru(3a)-B(8a)-B(7a) 66.2(4) C(31b)-Ru(3b)-C(32b) 35.0(3) 
B(4a)-B(8a)-B(9a) 60.1(5) C(31b)-Ru(3b)-C(36b) 36.0(3) 
B(7a)-B(8a)-B(12a) 5 8.8(5) C(32b)-Ru(3b)-C(33b) 36.0(3) 
B(9a)-B(8a)-B(12a) 59.4(5) C(33b)-Ru(3b)-C(34b) 37.9(3) 
B(4a)-B(9a)-B(5a) 59.1(5) C(34b)-Ru(3b)-C(35b) 34.8(3) 
B(4a)-B(9a)-B(8a) 61.1(5) C(35b)-Ru(3b)-C(36b) 36.8(3) 
B(5a)-B(9a)-B(lOa) 61.8(5) C(lb)-B(4b)-Ru(3b) 65.8(4) 
B(8a)-B(9a)-B(12a) 61.0(5) C(1b)-B(4b)-B(5b) 57.4(4) 
B(10a)-B(9a)-B(12a) 60.2(5) Ru(3b)-B(4b)-B(8b) 67.8(4) 
B(5a)-B(lOa)-B(6a) 57.4(5) B(5b)-B(4b)-B(9b) 58.4(5) 
B(5a)-B(10a)-B(9a) 59.2(5) B(8b)-B(4b)-B(9b) 59.9(5) 
B(6a)-B(lOa)-B(1 la) 59.6(5) C(lb)-B(5b)-13(4b) 58.4(4) 
13(90-1300a)-B(12a) 58.8(5) C(1b)-B(5b)-B(6b) 61.7(5) 
130 la)-B(lOa)-B(12a) 58.8(5) B(4b)-B(5b)-B(9b) 59.3(5) 
B(6b)-B(5b)-B(10b) 58.0(5) B(70-130 lb)-B(12b) 61.0(5) 
B(9b)-B(5b)-B(10b) 59.7(5) B0Ob)-B(1 lb)-B(12b) 60.6(5) 
C(lb)-B(6b)-c(2b) 57.6(4) B(7b)-B(12b)-B(8b) 61.6(5) 
C0b)-B(6b)-B(5b) 61.8(5) B(7b)-B(12b)-B(I ib) 61.7(5) 
C(2b)-B(6b)-B(1 ib) 57.9(5) B(8b)-B(12b)-B(9b) 61.2(5) 
B(5b)-B(6b)-B(lOb) 62.2(6) B(9b)-B(12b)-B(lOb) 60.1(5) 
B(lOb)-B(6b)-B(1 lb) 60.7(5) B(10b)-B(12b)-B(1 ib) 59.7(5) 
C(2b)-B(7b)-Ru(3b) 66.1(4) C(13b)-C(12b)-C(l1b) 120.0(4) 
C(2b)-B(7b)-B(1 Ib) 58.0(4) C(12b)-C(13b)-C(14b) 120.0(4) 
Ru(3b)-B(7b)-B(8b) 66.6(4) C(13b)-C(14b)-C(15b) 120.0(4) 
B(8b)-B(7b)-B(12b) 59.6(5) C(14b)-C(15b)-C(16b) 120.0(4) 
B0 lb)-B(7b)-B(12b) 57.3(5) c(15b)-C(16b)--C(1 Ib) 120.0(4) 
Ru(3b)-B(8b)-B(4b) 64.0(4) C(lb)-C(llb)-C(12b) 122.9(4) 
Ru(3b)-B(8b)-B(7b) 64.4(4) C(lb)-C(llb)-C(16b) 117.1(4) 
B(4b)-B(8b)-B(9b) 60.7(5) C(12b)-C(1 lb)-C(16b) 120.0(4) 
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Table 5 (continued) 
B(7b)-B(8b)-B(12b) 58.8(5) Ru(3b)-C(31b)-C(37b) 133.9(5) 
B(9b)-B(8b)-B(12b) 58.2(5) C(32b)-C(31b)-C(36b) 118.1(7) 
B(4b)-B(9b)-B(5b) 62.3(5) C(32b)-C(31b)-C(37b) 122.4(7) 
B(4b)-B(9b)-B(8b) 59.4(5) C(36b)-C(31b)-C(37b) 119.5(7) 
B(5b)-B(9b)-B(10b) 57.2(5) C(31b)-C(32b)-C(33b) 120.1(7) 
B(8b)-B(9b)-B(12b) 60.6(5) C(32b)-C(33b)-C(34b) 123.00) 
B00b)-13(90-13(12b) 59.3(5) Ru(3b)-C(34b)-C(40b) 130.7(6) 
B(5b)-B(10b)-B(6b) 59.8(5) C(33b)-C(34b)-C(35b) 113.5(7) 
13(5b)-13000-13(9b) 63.2(5) C(33b)-C(34b)-C(40b) 121.8(7) 
130b)-13000-130 ib) 63.3(6) C(35b)-C(34b)-C(40b) 124.6(7) 
13(90-13000-13(12b) 60.6(5) C(34b)-C(35b)-C(36b) 126.1(7) 
B(1 lb)-B(lOb)-B(12b) 59.7(5) C(31b)-C(36b)-C(35b) 118.9(7) 
C(2b)-130 lb)-B(6b) 62.1(5) C(34b)-C(40b)-C(41b) 115.5(8) 
C(20-130 lb)-B(7b) 59.6(5) C(34b)-C(40b)-C(44b) 108.9(8) 
B(6b)-B(1 lb)-B(lOb) 56.0(5) C(41b)-C(40b)-C(44b) 113.0(8) 
signals appear as doublets with the expected 1JBH  cou-
pling of 115-170 Hz. Compounds 2-4 were also sub-
jected to crystallographic analysis (Table 1) but only 2 
and 4 afforded single crystals of suitable size for the 
collection of intensity data. 
Figs. 1 and 2 present similar perspective views of 
each compound (two crystallographically independent 
molecules in the case of 4) and Tables 4 and 5 list 
interatomic distances and selected interbond angles. 
The structure of compound 2 was determined pri-
marily to reveal any stereochemical consequence of 
substitution of a single phenyl group at cage carbon in 
arene carbaruthenaboranes. We have previously re-
ported [2] that in the diphenyl species 1,2-Ph 2-3-
(C 5 Me 5)-3 ,1 ,2-pseudocloso-RhC 2 B 9 H 9 there is a sub-
stantial polyhedral deformation and we have recently 
shown [20] that in related arene compounds 1,2-Ph 2-3-
(arene)-3, 1,2-pseudocloso-RuC 2 B 9 H 9 , (arene = C 6 H 6 , 
p-cym and C 6 Me6 ) there is. a similar deformation. 
Although we believe that these cluster deformations, in 
which the C(1)-C(2) distance is raised to ca. 2.5 A and 
M(3).. . B(6) is concomitantly reduced to ca. 2.9 A, are 
a result principally of intramolecular steric crowding, it 
is necessary also to consider the possible electronic  
influence of C g -phenyl substitution, particularly as 
no other transition metal complexes of the diphenyl 
C 2 13 9 ligand have been reported. 
In compound 2 the geometry of the RuC 2 13 9 core is 
essentially undistorted, and thus this molecular struc-
ture serves as a suitable reference with which to com-
pare structures in which H(2) is replaced by bulkier 
groups. The C(1)-C(2) separation in 2 is 1.656(6) A, 
identical with that [5] [1.657(10) A] in 3-(C 6 Me6 )-
3,1,2-closo-RuC 2 13 9 1­1 11 , very close to that [171 
[1.644(16) A] in 3-(mes)-3,1,2-c1oso-FeC 2 B 9 H 11 and 
that [21] [1.646(8) Al in the parent carbaborane 1-Ph-
1,2-closo-C 2 13 10 H 11 , and only marginally longer than 
that [4] [1.626(4) A] in 3-(C6 H 6 )-3,1,2-c1oso-
RuC 2 B9 H 11 . Ru(3). . . B(6) is 3.459 A. A root mean 
square misfit calculation [22] between the {C 2 13 9} frag-
ments of 2 and those of 3-(C 6 H 6 )-3,1,2-closo-
RuC 2 B9 H 11 and 3-(C 6 Me6 )-3,1,2-c1oso-RuC 2 B9 H 11 
affords misfits of only 0.034 and 0.028 A, respectively. 
We describe the conformation of cage-bound phenyl 
rings in arylcarbaboranes and their derivatives in terms 
of 0, the modulus of the average C cage C cage CC 
torsion angle [23]; thus, if 0 = 90°, the plane of the 
phenyl ring eclipses the C(1)-C(2) vector. In 2, the 
Table6 	 - 
"B NMRchemical shifts a  (ppm) in carbaboranes and carbaruthenaboranes 
Compound 	 Chemical shifts [excluding B(3)] 	 Weighted average 
C 2 13 1Ø H 12 	 - 1.78(2B)- 8.59(2B)- 12.99(313)- 14.10(2B) 	 -9.64 
PhC 2 B 4O H,, -1.11 -3.40 -7.97(2B) -9.78(2B) -10.29 -11.77(2B) 	 -8.20 
PhMeC 2 B 10 H 10 	 -2.36 -3.76 -8.53 (3 or 413) -9.37 (4 or 313) 	 -7.69 or 759 b 
1 	 2.77 1.25 -6.67(2B) -8.24(2B) -18.59(2B) -23.21 	 -9.58 
3 2.71(2B) -4.27 -6.91 -7.71 -8.15 -14.27 -18.24(213) 	 -8.04 
4 	 4.11(2B) -2.05 -4.83 -6.50 -9.30 -11.30 -12.51 -16.07 	 -6.04 
a References: C 2 13 10 H 12  [16]; PhC2B4OH,, [21]; PhMeC 2 B 4O H 10 [6]. 
b It has not proved possible to unambiguously assign the "B spectrum of 
PhMeC 2 B 10 H 10 because of the coincident resonances at -8.53 and -9.37 ppm, in spite of recouse to "B/"B COSY, 11­1{"13iectjve)  and 
'H/ 1 H COSY experiments. 
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value of U is 68.2(5)°, i.e. 21.8(5) ° from eclipsed, with 
C(16) dipping towards B(6) and C(12) elevated away 
from B(S). It is of considerable interest to note that in 
1-Ph-1,2-closo-C 2 B 4O H 11 the measured U value is 
68.8(6)°, and that ab initio optimization [21] of this 
parent carbaborane (at the RHF/631G*  level) af-
fords 0 = 65.3°. 
The traditional reference plane in icosahedral 
MC 2 13 9 polyhedra [24,251 is the lower boron belt, 
B(5)B(6)B(11)B(12)B(9). With respect to this, the 
C(1)—C(11) vector in 2 is inclined at 21.8°, and the 
arene ring, C(31)—C(36), makes a dihedral angle of 
4.7°. Both these values imply a slight degree of interac-
tion between the cage-bound aryl and metal-bound 
arene groups; arene/13 5 dihedral angles of only 2.3 and 
2.1° are observed [4,5] in 3-(C 6 H 5 )-3,1,2-c1oso-
RuC 2 B 9 H 11 and 3-(C 6 Me6 )-3,1,2-closo-RuC 2 B 9 H 11 , 
respectively, ascribed to the differing trans influences 
of cage carbon and cage boron atoms [4,26]. Similar 
crowding between the cage phenyl group and metal-
bound n-hydrocarbon has been observed [27] in 1-Ph-
3-(C 9 H 7 )-3,1,2-closo-CoC 2 B9H ,. In the crystallo-
graphically determined structure of 2 the nearest arene 
proton, H(34), lies only 2.89 A from the plane of the 
aryl ring, with C(34)—H(34) nearly eclipsing C(1)—C(11). 
In solution at room temperature, of course, the arene 
is free to rotate, as illustrated by the 'H NMR spec-
trum of 2. 
The two crystallographically independent molecules 
(a and b) Of compound 4 are of opposite chirality. This 
notwithstanding, the overall arrangement of (p-cymRu) 
and (PhMeC 2 B9) fragments within both molecules are 
broadly comparable, e.g. the twist of the phenyl group 
and the relative orientation of the p-cym ligand (see 
later). 
Compound 4 was subjected to a crystallographic 
study to determine whether its cage geometry lay be-
tween that of 2 (which is relatively undistorted) and 
those [201 of 1,2-Ph 2-3-(arene)-3,1,2-pseudocloso-
RuC 2 B 9 H 9 (which are severely distorted). Unfortu-
nately, the results are somewhat ambiguous. This arises 
from that fact that although the precision of the struc-
tural study of 4 (gauged by, e.g., the typical e.s.d. on a 
B—B connectivity) is only about half that for the study 
of 2, there nevertheless appears to be a measurable 
difference between the two independent molecules. In 
molecule b C(1)—C(2), 1.702(10) A, is longer than in 2, 
but Ru(3)... B(6), 3.451(9) A, is not. In fact, the 
ç(1b)—c(2b) distance in 4 is close to that [28] [1.696(5) 
A] in the parent carbaborane 1-Ph-2-Me-1,2-closo-
C 2 B 10 H,Q although it:should be noted that the phenyl 
orientations (0) are quite different, 60.1(7) and 16 7(5)°, 
respectiiely, and we have already shown [23] that the 
length of C(1)—C(2) is dependent to some extent on 0. 
In contrast, molecule a displays a fairly long C(1)—C(2) 
distance, 1.754(11) A. The possibility that this is merely 
an artefact of one or both cage carbon atoms being 
imprecisely located (see caveat to ref. [9])  can probably 
be rejected in view of the fact fact that Ru(3).. . B(6) in 
4a is complementarily short, 3.407(8) A. Thus it does 
appear that the molecular structure of 4a can be inter-
preted as lying along the 'deformation pathway' from 
closo [exemplified by 2 (and 4b)] to pseudocloso [exem-
plified by 1,2-Ph 2-3-(C 5 Me5 )-3, 1 ,2-pseudocloso-RhC 2-
B 9 H 9 [2] and 1,2-Ph 2-3-(arene)-3,1,2-pseudocloso-
RuC 2 B 9 H 9 [2011, albeit much closer to the former. In 
keeping with this overall conclusion, the (C 2 B 9) frag-
ment of molecule a fits rather less well against that of 
our standards 3-(C 6 H 6)-3,  1,2-closo-RuC 2 B 9 H, 1 and 
3-(C 6 Me 6  ) -3 ,1 ,2-closo-RuC 2 B 9 H 1 , in rms misfit calcu-
lations, 0.051 and 0.048 A, than does the same frag-
ment of molecule b, 0.047 and 0.039 A, respectively. In 
each of the calculations involving 4a, the worst individ-
ual atom misfit is for B(6), 0.089 and 0.086 A, respec-
tively. 
The fact that C(lb)—C(2b) is shorter than C(la)-
C(2a) may be consistent with the recognition of rather 
more crowding between the p-cym ligand and the 
cage-bound phenyl and methyl groups in the 4b. The 
p-cym ligand is in a rotationally similar position in both 
molecules (Pr trans to the C cage  substituents) with the 
arene ring/reference B 5 plane dihedral angle 5.6° in 
4a and 7.0° in 4b. Similarly, the C(1)—C(11) and C(2)-
C(21) vectors are relatively depressed in 4b, making 
angles of only 19.8 and 18.1°, respectively, to the lower 
B 5 belt (cf. 21.0 and 18.8°, respectively, in 4a). Unex-
pectedly, 0(4a) is somewhat greater than 0(4b), 60.1(7) 
(cf. 55.8(7)°). 
In sterically distorted pseudocloso carbametallabo-
ranes, we have consistently recorded "B NMR chemi-
cal shifts at, on average, very high frequencies relative 
to those for analogous undistorted species [2,20]. It was 
therefore of interest to determine whether the begin-
ning of this sort of deformation that is suggested by the 
structural analysis of 4a is supported by a similar 
(albeit smaller) movement to high frequency in the 
spectrum of 4 (where, of course, "4a" and "0" cease 
to have independent existence). Table 6 lists the 
weighted average 1 1  B NMR chemical shifts for the 9 
relevant boron atoms of various 1,2-dicarbaboranes [no 
B(3) contribution] and 1,2-dicarba-3-(p-cym)ruthen-
aboranes, measured under identical conditions. As a 
reference, going from C 2 13 10 1­1 12  to PhC 2 B 10 H 11 to 
PhMeC 2 B 10 H 10 causes successive high frequency 
movements of 1.4 and either 0.5 or 0.6 ppm. In com-
parison, going from 1 to 3 to 4 results in a similar first 
movement (1.5 ppm) but a somewhat greater second 
one (2.0 ppm). The effect is clearly small, but fully 
J. Cowie et aL / Steric effects in heteroboranes. Part 7 
	
293 
consistent with the overall results of the structural 
studies: Starting from 3-( p-cym)-3 , 1 ,2-closo-RuC 2 -
B 9 H 11 , replacement of one CcageH  unit by C cage Ph 
(1 —p3) causes no measureable polyhedral deforma-
tion; further replacement of the other CcageH  by 
C cage Me (3 -* 4) just begins to deform the closo poly-
hedron towards pseudocloso. In a forthcoming paper 
[20], we will report fully on such pseudocloso species, 
formed when the second CcageH  is replaced by C cage Ph. 
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Abstract 
In (Ph 3 PCu) 2 Ph 2C 2 B9 H 9 (Ia) and {(o-tol) 3 PCu}2 Ph 2 C 2 B 9 H 9 (ic) 
one copper atom occupies a polyhedral vertex position but is slipped 
away from the cage carbon atoms (the latter the more so) to relieve 
phosphine•• Ccage-phenyl  crowding. The second copper atom is 
ero-facially bonded to the B(8)B(9)B(12) triangular face, in contrast 
to the situation in (Ph 3 PCu) 2C 2 B9 H,,, where the exo-metal caps the 
Cu(3)B(4)B(8) triangle. Compounds Ia, Ic and the related species 
(Cy3 PCu) 2 Ph 2 C 2 B9 H 9 (Ib) display fluxionality in solution at room 
temperature that renders equivalent the two phosphorus nuclei. It is 
speculated that this fluxional process involves a unique bis(exo-metal) 
nido carbaborane. 
Key words: Boron; Copper; Carborane; X-ray diffraction; Metalla-
carborane; Fluxionality 
We have previously shown that deliberately produc-
ing overcrowding in heteroboranes by the use of steri-
cally bulky C cage-phenylsubstituents can have very large 
effects on both molecular structure.and reactivity. For 
example, the molecule 1,2-Ph 23Cp*3,  1,2-RhC 2 B 9 H 9 
[2] is distorted into a novel pseudocloso geometry with 
an open C(1)Rh(3)C(2)B(6) face, and in 7,8-Ph 2-10-
(Ph 3 PHg)-7,8-nido-C 2 B 9 H 9 [3] and 1,2-Ph 2-3-(cod)-
3,1,2-PdC 2 B 9 H 9 [4] there are substantially enhanced 
metal slip distortions [5] relative to those in their 
non-Ccage-phenyl analogues. (In addition, the cod—Pd 
For details of Part 7, see ref. 1. 
Correspondence to: Prof. A.J. Welch, Department of Chemistry, 
Heriot-Watt University, Edinburgh EH14 4AS, UK. 
bonding in the last compound is severly distorted). 
Moreover, 1-Ph-3,3-(PhMe 2 P) 2-3, 1,2-PtC B 9 H 9 shows 
remarkably facile polyhedral isomerisation that is steri-
cally-induced, and the bis C cage-phenyl analogue can 
only be isolated as a C cage-separated isomer [6]. We 
report here a further possible consequence of over-
crowding in heteroboranes, viz. sterically-induced exo-
skeletal isomerisation. 
Reaction of TI 2 [7,8-Ph 2-7,8-nido-C 2 B 9 H 9] [2] with 
0.5[Ph 3 PCuBr]4 [7],  [CyPCuCl] [8] or [(o-tol) 3 PCuBr] 2 
[9] gave the complexes (R 3 PCu)2 Ph 2 C 2 B 9 H 9 , I (Ia, 
R = Ph; Ib, R = Cy, Ic, R = o-tol), as air-stable white 
solids in good yield . These three new compounds 
were characterised by microanalysis and 'H, 'H-
("B seiective ), 11 13, ' 1 B-{ 1 H} and 31 P-('H) NMR spec-
troscopy and, in the cases of Ia and Ic, by single-crystal 
diffraction studies. 
The 11 13 NMR spectra of compounds I measured at 
room temperature are consistent with at least time-
averaged C s molecular symmetry. The 31p(IH}  NMR 
spectra of all three compounds at 298 K show only a 
single resonance, but whilst this persists for Ia down to 
215 K, at ca. 235 K (compound Ib) and Ca. 240 K 
(compound Ic) this single peak gives way to two reso-
nances of approximately equal integral. The process is 
fully reversible on warming, and clearly shows that in 
solution at room temperature, a fluxional process ren-
ders the two phosphine ligands equivalent. 
Compound Ia: To a slurry of Tl 2[7,8-Ph 2-7,8-nido-C 2 B9 H 9 ] (0.50 
g, 0.74 mmol) in MeCN (20 cm 3 ) was added a solution of 
[Ph 3 PCuBr]4  (0.56 g, 0.37 mmol) in CH 2Cl 2 (10 cm 3). After 20 h 
stirring under N2 the mixture wasfiltered through Celite and the 
volume of the filtrate reduced to Ca. 5 cm 3 . Addition of Et 2 0 (10 
cm3 ) yielded a white precipitate which was isolated by filtration, 
washed with further Et 2 0 (10 cm 3 ) and dried in vacuo. Recrys-
tallisation from CH 2Cl 2 /n-hexane afforded colourless crystals. 
Yield 60%. Calculated for C 50 H 49 B9Cu 2 P2 CH 2Cl 2 ; 60.0% C, 
5.03% H. Found for la; 58.7% C, 5.26% H. NMR (CD 2Cl 2 , 298 
K): 'H; 6 7.50-6.55 (m, 40H, C6 115 ) ppm: ' H{"Bse iect ive , order 
follows "B resonances); 3 2.84 (11-1), 1.98 (21-1), 1.95 (21-1), 1.99 
(21-1), 1.45 (1H) and 0.95 (1H) ppm. "B-{'H); 3 —10.6 (113), 
—18.1 (213), —19.1 (213), —24.1 (213), —34.9 (IB) and —36.3 (113) 
ppm. 31 P-{ ,  H); 3 6.2 (br) ppm. 
Compounds lb and Ic: These were prepared similarly. For lb yield 
58%. Calculated forC 50 H 85 B9Cu 2 P2 ; 61.8% C, 8.8% H. Found 
for ib; 60.2% C, 8.92% H. NMR (CDCI 3 , 298 K): 3 'P-{'H}; 3 24.2 
(br) ppm. For Ic yield 61%. Calculated for C 56 H 6 ,B 9Cu 2 P2 ; 
65.9% C, 6.22% H. Found for Ic; 63.3% C, 6.12% H. NMR 
(CDCI 3 , 298 K): 31 P-{ 1 H); 6 —18.1 (br) ppm. 
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Compound Ia was obtained as poor quality, single 
crystals by diffusion of n-hexane into a CH 2Cl 2 solu-
tion at ca. 250 K. In contrast, Ic was obtained as large, 
well-formed blocks by the slow evaporation of a CH 2Cl 2 
solution. Since Ph 3 P and (o-tol) 3 P have substantially 
different cone angles [10] Ia and Ic could have signifi-
cantly different molecular structures, and so both were 
subjected to crystallographic study U . 
Figure 1 shows a molecule of compound Ia, and lists 
important molecular parameters. The structure of Ic is 
similar (Fig. 2) except that the bonding of the 
{Cu(3)P(o-tol) 3) unit to the cage is more distorted (see 
below). The structure of Ic was much more precisely 
determined than that of Ia because of the better qual-
ity of the crystals. 
In compounds I in the solid state one copper atom, 
Cu(3), completes a very approximately icosahedral 
3,1,2-CuC 2 B 9 polyhedron, with the other, Cu(1), exo-
facially bonded to the B(8)B(9)B(12) triangular face via 
three B—H—Cu 3c-2e bonds. In Ia Cu(3) is slipped [5] 
All measurements were carried out at 291 ± 1 K using an Enraf-
Nonius CAD4 diffractometer operating with graphite-monochro-
mated Mo Ka X-radiation (Abar  = 0.71069 A). 
Compound Ia: C 50 H 49 B 9Cu 2 P2 CH 2 CI 21  M= 1021.20, mono-
clinic, space group P2 1 /c, a = 11.348(7), b = 20.252(10), c = 
23.169(17) A, 8 = 103.38(5)°, V= 5180.2(21) A3, from the least-
squares refinement of 25 centred reflections (7 < 0 < 9°), Z = 4, 
Dro jr  1.309 g cm 3, i(Mo Ka)= 10.21 cm, F(000)= 2096. 
6714 intensity data were collected for 1 :!~ C :!g 23° by w —20 scans 
((o scan width 0.8+0.34 tan 0) over ca. 136 X-ray hours. The 
structure was solved by Patterson and Fourier methods and 
refined by full-matrix least-squares. Using 2202 data for which 
F ~! 4.0o(F), empirically corrected for absorption, refinement 
converged at R = 0.1332, R w = 0.1443, S = 1.207 for a model with 
anisotropic Cu and P atoms, phenyl rings constrained to rigid 
planar hexagons and all H atoms set in idealised positions. We 
ascribe the high residuals primarily to poor crystal quality. Maxi-
mum residue in final z.IF synthesis 0.89 eA 3 . 
Compound Ic: C 56 H 61 B 9Cu 2 P2 .0.42CH 2 C1 21  M = 1020.43, tn-
clinic, space group P1, a = 14.246(6), b = 15.102(6), c = 15.692(11) 
A, a = 116.10(6), /3 = 104.43(5), y = 97.74(3)°, V= 2818(3)A, from 
the least-squares refinement of 25 centred reflections (10 <0 < 
129,  Z = 2, D 0 1 0  = 1.202 gcm 3, s(Mo Ka)= 8.46 cm, F(000) 
= 1060. (M, Dca 1 c , s and F(000) calculated assuming no solvate.) 
10447 data were collected for 1 :~ C :!~ 25° by (o-20 scans ( scan 
width as for Ia) over ca. 229 X-ray hours. The structure was 
solved by direct methods and developed by full-matrix least-
squares refinement and riF syntheses. Using 7131 data [F > 
2.Ou(F)} empirically corrected for absorption, anisotropic thermal 
parameters for all non-H atoms, aromatic rings treated as regular 
hexagons and all H atoms set in idealised positions, refinement in 
two blocks converged at R = 0.0792, R = 0.1105, S = 1.200. A 
molecule of CH 2 Cl 2 of solvation (42% occupancy) cocrystallises 
with Ic and maximum residues in the final iiF synthesis (ca. 1.10 
eA 3 ) are located near the Cl atoms. 
For both compounds tables of atomic coordinate, thermal param-
eters and bond lengths and angles have been deposited at the 
Cambridge Crystallographic Data Centre. 
Fig. 1. Molecular structure of Ia with key atoms identified. Important 
molecular parameters (A and °): Cu(3)—P(3) 2.183(10); Cu(3)—C(1) 
2.56(3); Cu(3)—C(2) 2.67(3); Cu(3)—B(8) 2.07(4); Cu(3) . .. H(8) 2.35; 
C(1)—C(2) 1.65(4); Cu(2)—P(2) 2.128(10); Cu(2)—B(8) 2.17(4); Cu(2)-
H(8) 2.07; Cu(2) . . . Cu(3) 4.159(6). °ringofC(11) [151 23.5°; 0ringofC(12) 
23.7°. 
across the C 2 13 3 carbaborane ligand face by 0.624 A 
towards B(8)to afford CU(3)C cage distances of 2.56(3) 
and 2.68(3) A, this slip being necessary to avoid over- 
Fig. 2. Molecular structure 01 Ic, key atoms identified. Important 
molecular parameters (A and °): Cu(3)—P(3) 2.2198(21); 
Cu(3) . .. C(1) 2.983(6); Cu(3) . .. C(2) 2.943(6); Cu(3)—B(8) 2.034(8); 
Cu(3)—H(8) 2.07; C(1)—C(2) 1.609(9); Cu(2)—P(2) 2.1753(22); Cu(2)-
B(8) 2.207(8); Cu(2)—H(8) 2.08; Cu(2) . .. Cu(3) 4.030(1). °rirg of C(101) 
12.2°, °ring of C(20i) 49.8°. 
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crowding between the P(3) phosphine and C cage-phenyl 
groups. In Ic (in which the phosphine ligands are 
larger) the slip of Cu(3) is much more severe, 1.004 A 
[11], resulting in substantially longer Cu(3)—C cage con-
nectivities [2.983(6) and 2.943(6) A] and necessitating 
interaction between Cu(3) and the B(8)H(8) unit, not 
merely B(8). Unfortunately, even the diffraction data 
from Ic were not of sufficient quality to merit posi-
tional refinement of the cage H atoms, but in its 
idealised location, 1.16 A from B(8) and radial to the 
C 2 13 9 cluster, H(8) is 2.08 A from Cu(2) and 2.07 A 
from Cu(3). 
The structures of compounds I may be compared 
with that of (Ph 3 PCu) 2 C 2 B 9 H 11 , II, previously studied 
by Hawthorne et al. [12]. In II, which contains no 
C cage-phenyl substituents, the cluster copper atom 
Cu(3) is barely slipped across the carbaborane face 
(0.248 A) and the &o-skeletal copper caps the 
Cu(3)B(4)B(8) triangle, thereby directly linking the two 
copper atoms, Cu—Cu 2.576(1) A. In I the cage phenyl 
groups clearly push the vertex copper back beyond the 
point where the bonding of Cu(2) to a Cu13 2 face can 
be sustained and the 13(40708) triangle is capped; 
thus molecular overcrowding results in exo-skeletal iso-
merisation. 
In compound II in solution at room temperature the 
two phosphorus nuclei in the molecule undergo rapid 
exchange. Although this is arrested below ca. 250 K, a 
second dynamic process, interpreted as involving the 
exo-skeletal {CuPPh 3} unit flipping between Cu(3)-
13(408) and Cu(3)B(7)B(8) faces, still operates down 
to 203 K, affording this carbadicupraborane time-aver-
aged C molecular symmetry. In compounds I there is 
also a dynamic process which results in equivalence of 
the two phosphine ligands (arrested at low tempera-
tures for lb and Ic) but we cannot distinguish between 
interchange of (CuPR 3) units and simple interchange 
of phosphine ligands. However, the evidence of 
Hawthorne et al. for (CuPR 3) mobility in II is persua-
sive, and in as much as it would apply to I suggests an 
intermediate in which (CuPR 3} units are simultane-
ously bound to B(4)B(8)B(9) and B(7)B(8)B(12) trian-
gular faces. The possibility of isolating such a novel  
bis(exo-skeletal metal) nido species [13] by the use of 
C cage substituents that are even more sterically de-
manding than phenyl groups is currently under investi-
gation [14]. 
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Synthesis and characterisation of pseudocloso iridium and ruthenium 
diphenyl carbaboranes. Molecular structures of 1,2-Ph 2-3-(i1-C6H6)-3,1,2-
pseudocloso-RuC 2139H9 and 1 ,2-Ph2-3-(cym)-3,1 ,2-pseudocloso-RuC 2B9H9 
(cym = p-cymene) and individual gauge for localised orbitals calculations 
on carbametallaboranes 
Paul T. Brain,4 Michael BÜh1,b  Jill Cowie, Zoë G. Lewis a  and Alan J. Welch *t.il 
a Department of Chemistry, University of Edinburgh, Edinburgh EH9 3JJ, UK 
b  OrganischChemisches Institut der Universität Zurich, Winterthurerstrasse 190, C'H-8057 Zurich, 
Switzerland 
The syntheses and characterisations of I ,2-Ph 2-3-(1-0 5 Me 5 )-3, I ,2 -pseudocloso-1 rC 2 B 9 H 9 1, 1 ,2-Ph 2 -3-(1-
C6 H 6)-3, I ,2-pseudoc/oso-RuC 2 B 9 H9 2, I ,2-Ph 2-3-(cym)-3, I ,2-pseudoc/oso-RuC 2 B9 H9 (cym = p-cymene) 3 and 
I ,2-Ph 2 -3-(1-C 6 Me 6)-3, I ,2-pseudoc/oso-RuC 2 B9 H 9 4 are reported from the reactions between T1 2 [7,8-Ph 2 -
nido-7,8-C 2 B9 H 9] and either [{IrCl 2 (C 5 Me 5 )} 2] or the appropriate [{RuCl 2 (arene)} 2] species. By ''B NMR 
spectroscopy all these compounds havepseudocloso geometries, in which the C(l). C(2) connectivity is 
broken and an approximately square M(3)C(l)B(6)C(2) face is generated. Crystallographic studies on 2 and 3 
confirm this suggestion. It is suggested that distortion in these species arises from steric crowding between the 
CPh flY , substituents, forced to adopt conformations with high 0 values by the presence of the ri -bonded 
substituent at M(3). Individual gauge for localised orbitals calculations, reported for the first time on 
transition-metal heteroboranes, reasonably reproduce the (previously assigned) ''B NMR chemical shifts of 
3-(-0 5 Me 5 )-3, I ,2-c/oso-RhC 2 B9 H,,, and allow a tentative assignment of those of I ,2-Ph 2 -3-(1-0 5 Me 5 )-3, 1,2-
pseudocloso-RhC 2 B9 H 9 . 
In a previous paper in this series 2 we discussed how the 
successive introduction of phenyl and methyl substituents at the 
cage carbon atoms in 3-(arene)-3, I ,2-ruthenadicarbaboranes 
caused distortion of the essentially icosahedral cluster 
framework. Evidence was presented to show the beginnings 
of a deformation from closo (I) towards pseudocloso (II), 
under which the C(l)-C(2) connectivity lengthens and the 
M(3) ... B(6) distance shortens, there being an associated 
small, but measurable, shift to higher frequency of the average 
1 '13 NMR shift. We have already shown 3 that in 1,2-Ph 2 -3-
(ri -05Me5) -3 , I ,2 -pseudocloso-RhC 2 B 9H 9 a full pseudocloso 
structure is afforded, and have ascribed the cause of this un-
usual structure to the relief of intramolecular steric congestion 
between the cage phenyl groups, forced to lie nearly coplanar 
by the demands of the metal-bound C 5 Me 5 ligand. More-
over, in I,2-Ph 2-3-(i-0 5 Me 5 )-3,1,2-pseudoc/oso-RhC 2 B9 H 9 the 
weighted-average "B NMR shift is +6.0 ppm, at very high 
frequency compared to that (-8.6 ppm) in the undistorted 
analogue 3-(-0 5 Me 5 )-3, I ,2-c/oso-RhC 2 B9H,,. 4 
Unfortunately, however, the structure determination of 1,2-
Ph 2 -3-(1-0 5 Me 5 )-3, 1 ,2-pseudoc/óso-RhC 2 B9 H 9 was of rela-
tively low precision, the result of crystallographic disorder that 
was impossible to model completely. Moreover, we could never 
obtain an "'B correlation (COSY) NMR spectrum of this 
species by which to assign specific boron resonances more fully 
to investigate the high frequency shifts. 
In the present contribution we report the synthesis of 1,2-
Ph 2 -3-(1-0 5  Me 5 )-3, I ,2-IrC 2 B 9 H9 , the simple iridium analogue 
of our initial pseudocloso species, prepared in the (ultimately 
t Present address: Department of Chemistry, Heriot-Watt University, 
Riccarton, Edinburgh EHI44AS, UK. 
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§ Note that the signs of two of the ''B NMR chemical shifts of 
compound It reported in Table 1 of reference 3 are in error, and should 
read + 10.3(2 B) and +4.0(2 B): 
M(3 M(3 tH2 
I (closo) 	 II (pseudocloso) 
unsuccessful) hope of being able to obtain a more accurate 
crystal structure of this family of compound. We also report a 
series of (arene)Ru congeners, crystallographic and spectro-
scopic study of which has allowed us to investigate any effects 
on cluster structure of changes in the steric demand of the 
metal-bonded -polyene ligand. Although all the above species 
are further examples of pseudocloso carbametallaboranes it was 
again not possible to assign "B spectra through traditional 
(COSY) means, and so we have taken the slightly unusual step 
of tentatively assigning the spectrum of a typical pseudocloso 
carbametallaborane frOm the results of individual gauge for 
localised orbitals (IGLO) calculations. 5 
Experimental 
Synthesis and characterisation 
All reactions were carried out under an atmosphere of dry, 
oxygen-free nitrogen using standard Schlenk techniques, with 
some subsequent manipulations carried out in the open 
laboratory. Unless otherwise stated, all solvents were dried and 
distilled under N 2 just prior to use. The NMR spectra were 
recorded on Bruker WP200SY or WH360 spectrometers as 
CDCI 3 solutions at 298 K, chemical shifts being reported 
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relative to external SiMe 4 ('H) or BF 3 .OEt 2 (''B, ' 1 B-{'H}). 
Infrared spectra were recorded as reference solutions in CH 2 Cl 2 
on a Perkin-Elmer 598 spectrophotometer. Microanalyses were 
performed by the departmental service. The starting materials 
Tl 2 [7,8-Ph 2 -nido-7,8-C 2 B 9H 9], 3 [{IrCl 2(C 5 Me 5 )} 2], 6 [{Ru-
C1 2 (C6 H6 )} 2 ], 7  [{RuCl 2 (cym)} 2 ] (cym = p-cymene, 4-isopro-
pyltoluene) 8 and [{RuCl2(C6Me6)}2] 8  were prepared by 
literature methods or slight variants thereof. 
I ,2-Ph2-3-(q-0 5Me5)-3, 1 ,2-pseudocloso-IrC 2B9H9 I. A mix-
ture of [{IrC1 2 (C 5 Me 5 )} 2] (0.30 g, 0.38 mmol) and T1 2 [7,8-Ph 2 -
nido-7,8-C 2 B 9 H 9] (0.50 g, 0.74 mmol) in CH 2 Cl 2 (20 cm 3 ) were 
gradually warmed to room temperature from -196 °C in a foil-
covered Schlenk tube, and left to stir overnight. The resulting 
orange-red solution was filtered and concentrated to ca. 2 cm 3 
in vacuo. Preparative thin layer chromatography (TLC) on 
silica, eluting with CH 2 C1 2-hexane (60:40), revealed two 
mobile bands, one orange-red with R 1 Ca. 0.8 and one yellow 
with R 1 0.35, but only the former was present in sufficient 
amount for collection. After isolation this was further 
purified by recrystallisation (CH 2 Cl 2-hexane at -30 °C) to 
afford dark pink plates of l,2-Ph 2 -3-(1-0 5 Me 5 )-3,l,2-
pseudocloso-IrC 2 B 9 H 9 , 1. Yield 0.09 g, 20% (Found: C, 45.6; 
H, 6.05. CaIc. for C 24H 34B 9Ir: C, 47.1; H; 5.60%). JR 
(CH 2 Cl 2 ) Vmax  at 2890 (C-H) and 2550 cm' [s (br), B-H]. 
NMR: 'H, S 7.26-7.15 (m, 10 H, C 6 1­1 5) and 1.24 (s, 15 H, 
CH 3 ); ''B-{'H}, 5 25.29(1 B), 12.50(2 B), 11.41(1 B), -3.58 
(4 B) and -17.88(1 B). 
I ,2-Ph2-3-(T1-C6H6)-3,1,2-pseudocloso-RuC 2B9H9 2. Similarly, 
to a mixture of [RuC1 2 (C6 H6)1 2 1 (0.12 g, 0.24 mmol) and 
T1 2 [7,8-Ph2 -nido-7,8-C 2 B 9 H9] (0.33 g, 0.48 mmol) at - 196 °C 
in a foil-covered Schlenk tube was added CH 2 Cl 2 (20 cm 3). The 
mixture was allowed to warm to room temperature and stirred 
for 15 h. The mixture was filtered and the orange filtrate 
concentrated to Ca. 2 cm 3 in vacuo. Preparative TLC (CH 2 Cl 2-
hexane, 60:40), revealed a complex mixture of bands. The most 
mobile and intense of these (orange, R 1 0.7) was collected and re-
crystallised by solvent diffusion (CH 2 Cl 2-hexane, 1:4, -30 °C) 
to yield I ,2-Ph 2 -3-(1-C 6 H 6)-3, I ,2-pseudocloso-RuC 2 B9 H 9 , 2, 
as well formed orange crystals. Yield 0.04 g, 18% (Found: C, 
51.1; H, 5.70. CaIc. for C 20H 25 B 9 Ru: C, 51.8; H, 5.40%). lR 
(CH 2 Cl 2 ) Vma  at 2525 cm' [s (br), B-H]. NMR: 'H, 5 7.66-7.11 
(m, 10 H, C6 1­1 5) and 5.58 (s, 6 H, C 6 1­1 6); ' 1 B-{ 1 H}, 5 28.16 
(I B), 15.09 (2 B), 13.53 (1 B), -0.27 (2 B), -1.61 (2 B) 
and -19.84(1 B). 
I ,2-Ph 2-3-(cym)-3,1 ,2-pseudocloso-RuC 2B9H9 3. Using an 
analogous procedure to that employed above, a mixture of 
[{RuCl 2 (cym)} 2] (0.20 g, 0.33 mrnol) and T1 2 [7,8-Ph2-nido-7,8-
C2 B 9H 9] (0.45 g, 0.66 mmol) in CH 2 Cl 2 (20 cm 3 ) were warmed 
from -196°C in a foil-covered Schlenk tube, and left to stir for 
15 h. Filtration yielded a deep red solution which was 
concentrated to Ca. 2 cm 3 . Preparative TLC (CH 2 Cl 2-hexane, 
60:40) afforded only a single band (orange, R 1 = 0.85), 
subsequently collected and recrystallised [hexane into a 
CH 2 Cl 2 solution (4:1) at -30 °C] to afford large, perfectly 
formed, dark orange crystals of I ,2-Ph 2 -3-(cym)-3, 1,2-
pseudocloso-RuC 2 B 9 H 9 , 3. Yield 0.05 g, 15% (Found: C, 53.6; 
H, 6.05. CaIc. for C 24 H 33 B 9Ru: C, 55.5; H, 6.40%). IR 
(CH 2 Cl 2 ) Vm  at 2580 cm' [s (br), B-H]. NMR: 'H, 5 7.59-
7.19 (m, 10 H, C 6 H 5 ), 5.38-5.13 (m, 4 H, MeC 6 H4CHMe 2), 
2.05 (sept, I H, 3HH 7,MeC 6 H 4CHMe2), 1.54 (s, 3 H, 
MeC 6H4CHMe 2) and 1.02 (d, 6 H, 3HH  7 Hz, MeC 6H4-
CHMe 2 ); ''B-{'H}, 5 30.32 (1 B), 15.58 (2 B), 12.57 (I B), 
-0.45(2 B), -1.41 (2 B) and -20.13(1 B). 
I ,2-Ph2-3-(i1-C6Me6)-3,1,2-pseudocloso-RuC 2B,H9 4. This, 
too, was synthesised in a similar manner. A mixture of 
[{RuCl 2 (C6 Me6)} 2 ] (0.16 g, 0.24 mmol) and Tl 2 [7,8-Ph2 -nido- 
7,8-C2 B9 H9] (0.33 g, 0.48 mmol) in CH 2 Cl 2 (20 cm 3) was 
allowed to warm from -196°C before being stirred o yernight 
at room temperature. The resulting dark brown solution and 
grey precipitate were separated by filtration and the filtrate 
concentrated to Ca. 2 cm 3 in vacuo. Preparative TLC (CH 2 Cl 2-
hexane, 60:40) revealed several mobile bands. The most 
abundant and mobile (R f = 0.75) was collected and the solid 
product recrystallised from CH 2 Cl 2-hexane (1:4) at --30 °C to 
yield poor quality red needles of l,2-Ph 2 -3-(1-C 6 Me6)-3,1,2-
pseudocloso-RuC 2 B 9 H 9 , 4. Yield 0.04 g, 17% (Found: C, 56.3; 
H, 7.64. CaIc. for C 26 H 37 B 9 Ru: C, 57.0; H, 6.81%). IR 
(CH 2 Cl 2 ) Vma x  at 2900 (C-H) and 2525 cm' [s (br), B-H]. 
NMR: 'H, 5 7.52-7.18 (m, 10 H, C6 1­1 5 ) and 1.59 (s, 18 H, 
C 6 Me6); ''B-{'H}, 5 32.69(1 B), 15.93 (2 B), 12.28(1 B), 0.24 
(2 B), -0.95 (2 B) and -17.85 (1 B). 
Crystallographic studies 
All measurements were carried out at room temperature on an 
Enraf-Nonius CAD4 diffractometer equipped with graphite-
monochromated Mo-Kc X-radiation ( = 0.710 69 A) and 
operating in the o-20 mode. 
Table I lists details of unit cell data for compounds 1-3, and, 
in the cases of compounds 2 and 3, intensity data collection 
and structure refinement. In each case the unit cell parameters 
and the orientation matrix for data collection were determined 
by the least-squares refinement of the setting angles of 25 
strong, high angle, reflections. Regular remeasurement of the 
intensities of two check reflections revealed (CADABS 9)  no 
crystal decay in either case. 
Both structures were solved without difficulty by Patterson 
(metal atom) and Fourier-difference (all other non-H atom) 
methods (SHELX 7610),  and refined by full-matrix least 
squares (SHELXTL''). The correct polarity of the crystal of 
compound 2 was confirmed by the Flack x parameter, -0.01(3) 
at final convergence. Following initial isotropic convergence, 
an empirical absorption correction (DIFABS 12)  was applied 
to each data set. In the case of compound 2 the single 
(crystallographically independent) phenyl ring was treated as a 
regular, planar hexagon (C-C 1.39 A) and H atoms bound to it 
were set in idealised positions (C-H 0.93 A). Atoms of the 1-C 6 
ring were freely refined with H atoms again in idealised sites. 
Cage H atoms were set 1.10 A from B on a radial extension, and 
all H atoms were given isotropic displacement parameters 
riding at 1.2 x U(C or B). In compound 3 the phenyl rings and 
the cage H atoms were treated as for 2. Carbon atoms of cym 
were freely refined, with H atoms ideally positioned [C-H 0.93 
for aryl C; 0.96 for methyl C; 0.98 A for C(341)]. In both 
structures all non-H atoms were refined with anisotropic 
thermal parameters, and in the final stages of refinement 
data were weighted such that w' = [c 2 (F0 2) + (g,P)2  + 92 P] 
where P = [max(F0 2 or 0) + 2F0 2]/3. 
Final (non-H) atomic positional parameters appear in Tables 
2 and 3. 
Complete atomic coordinates, thermal parameters and bond 
lengths and angles have been deposited at the Cambridge 
Crystallographic Data Centre. See Instructions for Authors, 
J. Chem. Soc., Dalton Trans., 1996, Issue I. 
Theoretical calculations 
The model compounds studied were closo 3-(1-0 5 Me 5)-3,1,2-
RhC2 B 9 H,, and pseudocloso 3-(-0 5 Me 5)-3, I ,2-RhC 2 B9 H 9 . 
Non-hydrogen atom skeletons of each were taken from 
references 4 and 3 (molecule B) respectively, and adjusted to C.  
molecular symmetry. Hydrogen atoms were set in idealised 
positions with B-H 1.185 and C-H 1.085 A. 
Chemical shifts have been calculated with the IGLO method 5 
employing the following contracted basis sets: Rh, relativistic 
multi-electron (ME) fit effective core potential with a valence 
[8s7p6d]/(6s5p3d) basis;' 3 all other atoms DZ (double zeta), 
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Table I Crystallographic data and details of data collection and structure refinement 
Formula 	 C24 H 34 B 9 1r C 20H 25 13 9 Ru C 24 H 33 B 9 Ru 
M 	 612.05 463.78 519.89 
System 	 Monoclinic Orthorhombic Monoclinic 
Space group 	 P2,/a Pnma Cc 
a/A 	 17.751(6) 16.770(8) 8.939(8) 
b/A 18.4286(20) 12.7763(21) 20.020(10) 
c/A 	 18.197(4) 9.8380(18) 14.2 10(6) 
OP 118.637(16) 90 101.45(5) 
u/A 3 	 5224.7 2107.8 2492.3 
Z 8 (2 independent) 4 4 
D0/gcm 3 	 1.556 1.461 1.385 
51.03 7.34 6.28 
F(000) 	 2400 936 1064 
8-12 11-12 8-13 
9do.a collcction/° 1-25 1-25 
bk/ranges -19 to 19, -15 to 15, 0-11 0-10,0-23, -16 to 16 
o scan speeds!° min' 0.82-2.35 0.87-2.35 
Data measured 4751 2424 
Period/h 112 40 
Unique data 1936 2338 
g, 0.0424 0.0360 
92 . 2.14 0.65 
R (all data) 0.0762 0.0250 
Data observed [F0 > 4o(F0)] 1348 2224 
R (observed data) 0.0399 0.0219 
wR2 0.0976 0.0543 
S 1.045 1.092 
Variables 130 281 
Maximum, minimum residues/e A' 3 0.49, -0.30 0.61, -0.22 
Table 2 	Atomic coordinates (x 10) for compound 2 Table 3 	Atomic coordinates ( x 10) for compound 3 
Atom 	x 	 y 	 z Atom x y 
Ru(3) 1930(1) 	2500 1636(1)  3193(4) 556(2) 1773(3) 
C(l) 	1665(3) 1528(3) 	3344(5)  3136(5) 1705(2) 1172(3) 
C(12) 216(2) 	1026(2) 3557(3) Ru(3) 2500 1405(1) 2500 
C(13) 	-402(1) 312(3) 	3390(4) B(4) 1432(5) 468(2) 1918(3) 
C(14) -248(2) 	-668(2) 2835(4) B(5) 2117(5) . 	205(2) 861(3) 
C(15) 	523(2) -934(2) 	2448(4) B(6) 3309(5) 912(2) 681(3) 
C(16) 1140(2) 	-220(2) 2616(4) B(7) 1347(6) 1892(3) 1157(4) 
C(1 I) 	987(2) 760(2) 	3170(3) B(8) 272(5) 1210(2) 1532(4) 
C(31) 928(4) 	1962(5) 239(6) B(9) 211(6) 524(2) 721(4) 
C(32) 	1621(5) 1432(5) 	-74(6) B(10) 1384(6) 753(2) -81(3) 
C(33) 2285(5) 	1962(5) -432(5) B(H) 2050(6) 1573(2) 127(3) 
13(4) 	2581(3) 1316(4) 	2837(5) B(12) 177(6) 1340(2) 286(4) 
'B(5) . 2265(3) 	1347(4) 4619(6) C(102) 4329(3) ' 	-369(1) 2885(2) 
B(6) 	1610(5) 2500 	' 4581(7) C(103) 5573(4) -734(1) 3361(2) 
B(8) 3132(5) 	2500 2570(8) C(104) 7038(3) -570(2) 	' 3248(2) 
B(9) 	3236(3) 1829(4) 	4148(5) C(105) 7259(2) -41(2) 2658(2) 
B(lO) 2662(5) 	. 	2500 5341(8) C(106) 6015(3) 325(l) 2182(2) 
C(101) 4550(2) 161(l) 2295(2) 
 5807(3) 2032(1) 999(2) 
 6956(3) 2505(2) 1045(3) 









chemical shifts have been referenced to BF 3 .OEt 2 . 15  4179(3) 2861(1) 1501(2) 
C(201) 4418(3) 2210(l) 1227(2) 
Results and Discussion 
 1417(6) 2044(2) 3522(3) 
 1531(6) 1370(2) 3822(3) 
The reaction.between [{IrCl 2(1-05 Me 5 )} 2 ] and T1 2 [7,8-Ph 2 - . 
nido-7,8-C 2 B 9 H9] in CH 2 Cl 2 affords 	I,2-Ph2-3-(i1-05Me5)-  4189(6) 2026(2) 3620(3) 
3,I,2-IrC 2 B9H 9 , compound 1, as the major product isolated  2763(5) 2348(2) 3370(3) 
in reasonable yield following work up involving TLC. It was C(311) -79(7) 2408(3) 3313(4) 
characterised by microanalysis and IR and NMR ('H, ''B-  5803(5) 1026(2) 4355(3) 
{ 1 H}) spectroscopies 	the last revealing relatively high-fre-  7189(6) 1382(3) 4127(4) 
quency chemical shifts typical 	of a pseudoc/oso 3,1 ,2-MC2B9 
 5968(6) 945(3) 5443(3) 
polyhedron. Thus, the weighted-average.' 1 B chemical shift in I 
is S + 6.1, which should be compared with the equivalent value 
of S 	- 11.7 in the related closo species 3-(i-05Me,)-3,  1,2- 
IrC2B9H, , 4 	 . 	 . whose molecular structure is poorly defined because of a 
Preliminary crystallographic data on compound 1 (Table 1) complex 	crystallographic disorder 	which 	was impossible 
show it to be isomorphous with the previously characterised satisfactorily to model. Given that it is highly likely that similar 
rhodium 	analogue 	I ,2-Ph 2 -3-(1-0 5 Me 5)-3, 1 ,2-RhC 2 B 9 H 9 3 disorder would be manifest in the crystal structure of 1, coupled 
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Table 4 Interatomic distances (A) and selected interbond angles (°) in compound 2 
Ru(3)-C(l) 2.136(4) Ru(3)-B(4) 2.208(6) 
Ru(3)-B(8) 2.216(9) Ru(3)-C(32) 2.227(6) 
Ru(3)-C(33) 2.229(5) Ru(3)-C(31) 2.277(6) 
C(l)-C(ll) 1.512(5) C(1)-B(5) 1.625(7) 
C( I )-B(4) 1.637(7) C(l)-B(6) 1.742(6) 
C(3 1)-C(31 A) 1.374(13) C(3 I )-C(32) 1.380(9) 
C(32)-C(33) 1.350(9) C(33)-C(33A) 1.376(14) 
B(4)-B(8) 1.793(7) B(4)-B(9) 1.818(8) 
B(4)-B(5) 1.832(8) B(5)-B(10) 1.765(7) 
B(5)-B(9) 1.802(8) B(5)-B(6) 1.838(7) 
B(6)-B( 10) 1.916(11) B(8)-B(9) 1.781(9) 
B(9)-B(9A) 1.714(11) B(9)-B(10) 1.743(9) 
C( I A)-Ru(3)-C( 1) 71.1(2) C( I )-Ru(3)-B(4) 44.2(2) 
B(4)-Ru(3)-B(8) 47.8(2) C(32)-Ru(3)-C(33) 35.3(2) 
C(33)-Ru(3)-C(33A) 36.0(4) C(32)-Ru(3)-C(3 1) 35.7(2) 
C(31A)-Ru(3)--C(31) 35.1(3) C(1 1)-C(l)-B(5) 117.5(4) 
C(1 l)-C(l)-B(4) 124.3(3) B(5)-C(l)-B(4) 68.3(3) 
C(l l)-C(1)-B(6) 120.1(4) B(5)-C(l)-B(6) 66.1(3) 
C(1 l)-C(1)-Ru(3) 116.4(3) B(4)-C(1)-Ru(3) 70.2(2) 
B(6)-C(1)-Ru(3) 98.4(2) C(16)-C(1 1)-.C(1) 119.3(2) 
C(12)-C(1 1)-C(1) 120.7(2) 	. C(31A)-C(31)-C(32) 119.4(4) 
C(33)-C(32)-C(3 1) 120.4(6) C(32)-C(33)-C(33A) 120.1(4) 
B(8)-B(4)-B(9) 59.1(4) C( I )-B(4)--B(5) 55.5(3) 
B(9)-B(4)-B(5) 59.2(3) C(1)-B(4)-Ru(3) 65.5(2) 
B(8)-B(4)-Ru(3) 66.3(3) B( I 0)-B(5)--B(9) 58.5(4) 
C(I)-B(5)-B(4) 56.1(3) B(9)-B(5)-B(4) 60.0(3) 
C(1)-B(5)-B(6) 60.0(3) 	. B(10)-B(5)-B(6) 64.2(4) 
C(I)-B(6)-C(IA) 91.0(4) C(1)-B(6)-B(5) 53.9(2) 
B(5)-B(6)-B(10) 56.0(3) B(9A)-B(8)-B(9) 57.5(4) 
B(9)-B(8)--B(4) 61.1(3) B(4)-B(8)-Ru(3) 65.9(3) 
B(9A)-B(9)-B(l0) 60.6(2) B(9A)-B(9)-B(8) 61.3(2) 
B(10)-B(9)-B(5) 59.7(3) B(8)-B(9)-B(4) 59.7(3) 
B(5)-B(9)-B(4) 60.8(3) B(9)-B(10)-B(9A) 58.9(4) 
B(9)-B( I 0)-B(5) 61.8(3) B(5)-B( I 0)-B(6) 59.7(3) 
Symmetry transformation used to generate equivalent (A) atoms: x, -y + , Z. 
with the possibility of a further reduction in precision through 
increased X-ray absorption effects (Ir versus Rh), compound I 
was regarded as a poor contender for an accurate structure 
determination of a pseudocloso compound, and intensity data 
were not recorded. - 
Thus, attention was focussed on potential analogues 
containing 3-{-(arene)Ru} fragments. Compounds 2-4 (1,2-
Ph 2-3-arene-3,1,2-RuC 2 B9 H9 where arene = C 6H 6, cym or 
C6 Me6 respectively) were all prepared by the reactions between 
[{RuCl2(arene)1 2]  and Tl 2 [7,8-Ph 2 -nido-7,8-C 2 B9H 9] in yields 
of 10-20% after work up involving TLC. Compound 3 was 
the only mobile product of this reaction, and for 2 and 4 the 
target materials appeared to be the most abundant species 
in a mixture of products. As with 1, compounds 2-4 were 
initially characterised by IR and 1 H and "B-{'H} NMR 
spectroscopies. 
At room temperature the ''B NMR spectra of 2-4 all 
support C. molecular symmetries, since the pattern of 
resonances is (high-frequency-to-low-frequency) 1:2: 1:2:2: 1. 
The weighted average ''B chemical shifts () are + 5.36, + 5.58 
and + 6.40 respectively; again, when compared with the average 
chemical shift in similar closo carbametallaboranes [e.g. 
-11.1 in 3-(1-C 6H 6)-3,1,2-RuC 2 B9H,,,' 6 -10.2 in 3- ( 71 -
C6 Me6)-3, I ,2-RuC2B9H, , 17] these values lie substantially to 
high frequency, suggesting pseudocloso structures. 
The 'H NMR spectra of complexes 2 and 4 reveal single 
resonances for the benzene or hexamethylbenzene ligands ( 
5.58 and 1.59, respectively), indicative of rotation of these 
bonded functions that is rapid on the NMR time-scale. One 
might expect similar rotation of cym in 3; comparison of the C5 
symmetry evident from its "B NMR spectrum and the C, 
symmetry apparent from a crystallographic study (see below) 
suggests at least substantial libration of cym in solution. 
Fig. I Perspective view of a single molecule of compound 2 (30% 
ellipsoids except for H atoms which have an artificial radius of 0.1 A for 
clarity); H atoms carry the same number as the B or C atom to which 
they are bound 
Compounds 2 and 3 were obtained as well Sormed single 
crystals, and the molecular structures of each were established 
unequivocally by diffraction studies. Unfortunately, good 
quality crystals of 4 could not be grown in spite of numerous 
attempts. 
A perspective view of a single molecule of 2 is presented in 
Fig. I ,Table 4 lists interatomic distances and selected interbond 
angles. The molecule has crystallographically imposed C5 
symmetry about the plane through Ru(3)B(6)B(8)B(l0). Atom 
labels ending A represent the result of reflection in this plane. 
The structural study confirms the prediction of the 
spectroscopic analysis, viz, compound 2 has a pseudocloso 
structure (H) nominally derived from a normal, closo structure 
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III 0 = 0° 
Iv 0 = 90° 
(1) by breaking of the C(l)-C(IA) connectivity [in 2 
C(1) ... C(IA) is 2.485(8) A]. Since 3-(-C 6 H6)-3,l,2-
RuC2 B9 H, 1 , 18 3-(-C6 Me6)-3, I ,2-RuC 2 B9 H 1 19 and I -Ph-3-
(mes)-3,l,2-RuC 2 B9H 10 2 (mes = C6H 3 Me3-1,3,5) all have 
closo structures [C(1)-C(2) I .626(4)-1.657(10) A] and the 
structure of 1 -Ph-2-Me-3-(cym)-3, I,2-RuC 2 B9 H 9 shows 2  that 
C(l)LC(2) stretching has just begun [average C(l)-C(2) 
1.728(15) A], we believe that the pseudocloso structure of 2 
results from steric congestion between the cage-bound phenyl 
groups. 
The conformation of phenyl substituents in phenyl 1,2-
êarbaboranes and their metal complexes is best described by the 
angle 0, the modulus of the average CcagC=geCC torsion 
angle. 2 In l,2-Ph 2 -1,2-C 2 B 10H 10 , 20 the parent carbaborane 
from which complexes 1-4 are derived, the average o is low 
(6.5°) and this conformation is maintained 2 ' in the decapitated 
anion [7,8-Ph 2 -7,8-C 2 B9H, 0] (average 0 = 13.4°); these low 
O conformations are depicted in Ill. Reclosing the nido {7,8-
Ph 2-7,8-C 2 B9 } structure with a {Rh(r1-0 5 Me 5)}, {Ir(-0 5 Me 5)} 
or {Ru(C6H 6)} fragment apparently forces the cage phenyl 
substituents to lie much more coplanar (0 in 2 is 61.55°), their 
mutual steric repulsion prising open the C cage Ccag connectivity 
to produce the pseudocloso geometry which is sketched from 
above in IV. In compOund 2 the closest approach between 
phenyl H atoms, H(12). - - H(12A), is 2.09 A,* cf twice the 
van der Waals radius for H (2.4 A). 
As a result of the stretching of the C(l)-C(IA) edge C(1) 
makes fairly short connections to B(4) and B(S) [1.637(7) and 
1.625(7) A respectively], and B(6) is pulled 0.337 A out of 
the (necessarily rigorously flat) B(5)B(9)B(5A)B(9A) plane 
towards Ru(3), approaching to within 2.946(7) A of the metal. 
The B(6)-B(l0) connectivity is concomitantly long [1.916(11) 
A]. Fig. 2(a) shows parameters within the open, nearly square 
Ru(3)C( I )B(6)C( IA) face that results from, and is characteristic 
of, the distortion of 2 to a pseudocloso structure. The distortion 
appears to be fairly localised in that, apart from the long 
C(1)-C(lA) and B(6)-.B(lO) distances, and short C(1)-B(4), 
C(l)-B(5) and Ru(3) ... B(6) distances noted, lengths within 
the rest of the polyhedron are generally normal. Thus, the 
Ru(3)-C(1) and Ru(3)-B lengths in 2 are very similar to those in 
* These distances are those between electron-density centroids. 
Internuclear H... H distances will be slightly shorter. 
 
\ 









Fig. 2 Geometrical details (A and 0)  in the open faces of pseudocloso 
compounds 2 (a) and 3 (b) 
(undistorted) 3-01-C6H6)-3,  I ,2-RuC2B9H1, 18  and B-B lengths 
[except B(6)-B(10)] are standard, 1.714(11)-l.838(7) A. The 
ri 6-C6H6 ring is planar to within 0.013 A and almost parallel 
(dihedral angle 0.3°) to the plane through B(5)B(9)B(5A)B(9A). 
Compound 3 crystallises with no imposed molecular 
symmetry (although, as previously noted, C. symmetry is 
apparent from the 11 B NMR spectrum). Fig. 3 shows a 
perspective view of one molecule and Table 5 lists interatomic 
distances and selected interbond angles. 
As with the benzene analogue 2, the p-cymene compound 3 
displays a pseudocloso structure, with C(1) ... C(2) 2.458(5) 
and Ru(3) --- B(6) 2.987(5) A. These parameters are, respec-
tively, slightly shorter and slightly longer than the correspond-
ing values in 2, identifying somewhat less of a pseudocloso 
distortion. Angles in the Ru(3)C(l)B(6)C(2) pseudosquare 
[detailed in Fig. 2(b)], a displacement of B(6) out of the 
B(5)B(9)B(12)B(1 I) plane of only 0.286 A, and a shorter 
13(6)-B(10) connectivity, 1.869(7) A, all reflect the reduced 
distortion in 3 relative to that in 2. On the other hand, 
C(1)-B(4,5) and C(2)-B(7,1 1) lengths in 3 are as short as the 
equivalent distances in 2. 
It seems likely that the distortion in 3 is smaller because of 
reduced mutual crowding between the phenyl substituents. For 
phenyl ring C(l0l)-C(106) 0 is 65.90°, slightly greater than that 
in 2, but for C(210)-C(206) it is much less, 43.90°. The closest 
approach of ortho H atoms, H(l06)... H(202) is 2.28 A,* 
signifying less crowding than in 2. Thus, rather to our surprise, 
replacement of -C 6 H6 in 2 by i(p-cymene) in 3 appears to 
produce, if anything, a rather less crowded molecule. 
In 3 the central ring of cym is planar to within 0.033 A. Both 
substituent carbon atoms, C(311) (Me group) and C(341) (Pr' 
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Table 5 Interatomic distances (A) and selected interbond angles (°) in compound 3 
C(l)-C(101) 1.512(4) C(l)-B(5) 1.613(6) B(5)-B(6) 1.819(7) B(6)-B(l1) 
1.814(6) 
C(l)-B(4) 1.637(6) C(l)-B(6) 1.729(6) B(6)-B(I0) 1.869(7) B(7)-B(8) 
1.810(7) 
C( I )-Ru(3) 2.144(4) C(2)-C(201) 1.518(5) B(7)-B( II) 1.819(7) B(7)-B( 12) 
1.825(7) 
C(2)-B(l 1) 1.626(6) C(2)-B(7) 1.638(7) B(8)-B(12) 1.775(7) B(8)-B(9) 
1.787(7) 
C(2)-B(6) 1.755(6) C(2)-Ru(3) 2.161(4) B(9)-B( 12) 1.745(7) B(9)-B( 10) 
1.756(8) 
Ru(3)-B(4) 2.191(4) Ru(3)-B(7) 2.208(5) B(10)-B(12) 1.743(7) B(10)-B(1 1) 
1.751(7) 
Ru(3)-C(33) 2.212(4) Ru(3)-B(8) 2.218(5) B(I1)-B(12) 1.795(7) C(31)-C(36) 1.403(7) 
Ru(3)-C(32) 2.220(5) Ru(3)-C(36) 2.244(4) C(31)-C(32) 1.413(6) C(31)-C(311) 1.499(7) 
Ru(3)-C(31) 2.290(5) Ru(3)-C(35) 2.325(5) C(32)-C(33) 1.387(7) C(33)-C(34) 1.412(6) 
Ru(3)-C(34) 2.385(5) B(4)-B(5) 1.809(7) C(34)-C(35) 1.404(6) C(34)-C(341) 1.503(7) 
B(4)-B(8) 1.833(7) B(4)-B(9) 1.833(7) C(35)-C(36) 1.409(7) C(341 )-C(342) 
1.519(7) 
B(5)-B(lO) 1.754(7) B(5)-B(9) 1.794(7) C(34l)-C(343) 1.532(6) 
C(1 01 )-C( I )-B(5) 117.3(3) C( 101 )-C(l ).-B(4) 125.4(3) B(1 1)-B(7)-B( 12) 59.0(3) C(2)-B(7)-Ru(3) 
66.5(2) 
B(5)-C(l)--B(4) 67.6(3) C(l01)-C(1)-B(6) 118.1(3) B(8)-B(7)-Ru(3) 66.2(2) B(12)-B(8)-B(9) 
58.7(3) 
B(5)-C(l)-B(6) 65.8(3) C(l0I)-C(l)--Ru(3) 117.3(2) B(12)-B(8)-B(7) 61.2(3) B(9)-B(8)-B(4) 
60.8(3) 
B(4)-C( 1 )-Ru(3) 69.4(2) B(6)-C( I )-Ru(3) 100.4(2) B(7)-B(8)-Ru(3) 65.6(2) B(4)-B(8)-Ru(3) 
64.7(2) 
C(20l)-C(2)-B(l I) 117.6(3) C(20l)-C(2)-B(7) 125.0(4) B(12)-B(9)-B(10) 59.7(3) B(l2)-B(9)--B(8) 
60.3(3) 
B(1 1)-C(2)-B(7) 67.7(3) C(20l)-C(2)-B(6) 119.8(3) B(10)-B(9)-B(5) 59.2(3) B(8)-B(9)-B(4) 60.8(3) 
B( 11 )-C(2)-B(6) 64.8(3) C(20 I )-C(2)-Ru(3) 117.8(3) B(5)-B(9)--B(4) 59.8(3) B( I 2)-B( 1 0)-B( 11) 
61.8(3) 
B(7)-C(2)-Ru(3) 69.5(2) B(6)-C(2)-Ru(3) 98.9(2) B( I 2)-B( I 0)-B(9) 59.8(3) B(5)-B( I 0)-B(9) 
61.5(3) 
C(1)-Ru(3)-C(2) 69.5(2) C(I)-Ru(3)-B(4) 44.4(2) B(l l)-B(10)-B(6) 60.0(3) B(5)-B(10)-B(6) 
60.2(3) 
C(2)-Ru(3)-B(7) 44.0(2) B(4)-Ru(3)-B(8) 49.1(2) B(10)-B(l l)-B(l2) . 58.9(3) C(2)-B(I l)-B(6) 
61.0(3) 
B(7)-Ru(3)-B(8) 48.3(2) C(33)_R,3)2 C(32) 36.5(2) B(10)-B(1 1)-B(6) 63.2(3) C(2)-B(l 1)-B(7) 
56.4(3) 
C(32)-Ru(3)-C(3 1) 36.5(2) C(36)-Ru3)-C(3 1) 36.0(2) B(1 2)-B( 11 )-B(7) 60.7(3) B( I 0)-B( I 2)-B(9) 
60.5(3) 
C(36)-Ru(3)--C(35) 35.9(2) C(33)-Ru(3)-C(34) 35.5(2) B(9)-B(12)-B(8) 61.0(3) B(lO)-B(12)-B(1 1) 
59.3(3) 
C(35)-Ru(3)-C(34) 34.6(2) C( I )-B(4).-B(5) 55.6(3) B(8)-B( 1 2)-B(7) 60.3(3) B( II )-B( I 2)-B(7) 
60.3(3) 
B(5)-B(4)-B(9) 59.0(3) B(8)-B(4)-B(9) 58.4(3) C( I 06)-C( 101 )-C( 1) 120.1(2) C( I 02)-C( 101 )-C( 1) 
119.9(2) 
C( 1 )-B(4)-Ru(3) 66.3(2) B(8)-B(4)-Ru(3) 66.2(2) C(206)-C(20 I )-C(2) 118.8(2) C(202)-C(20 I )-C(2) 
121.2(2) 
B(10)-B(5)-B(9) 59.3(3) C(l)-B(5)-B(4) 56.8(2) C(36)-C(31)-C(32) 116.6(5) C(36)-C(31)-C(31 1) 
121.2(5) 
B(9)-B(5)-B(4) 61.2(3) C(I)-B(5)-B(6) 60.1(2) C(32)-C(3l)-C(31 1) 122.1(5) C(33)-C(32)-C(3l) 
121.3(5) 
B( I 0)-B( 5)-B(6) 63.0(3) C( I )-B(6)-C(2) 89.5(3) C(32)-C(33)-C(34) 122.1(4) C(35)-C(34)-C(33) 
116.2(4) 
C(2)-B(6)-B(I 1) 54.2(2) C(l)-B(6)-B(5) 54.0(2) C(35)-C(34)-C(34l) 123.9(4) C(33)-C(34)-C(341.) 
119.9(4) 
B(ll)-B(6)-B(10) 56.7(3) B(5)-B(6)--B(10) 56.8(3) C(34)-C(35)-C(36) 121.4(5) C(31)-C(36)-C(35) 
121.5(4) 
C(2)-B(7)-B( II) 55.8(3) B(8)-B(7)-B( 12) 58.5(3) C(34)-C(34 I )-C(342) 114.4(4) C(34)-C(34 I )-C(343) 
10 18.0(4) 
C(342)-C(341)-C(343) 110.2(4) 
Fig. 3 Perspective view of a single molecule of compound 3 (30% 
ellipsoids except for H atoms which have an artificial radius of 0.1 A for 
clarity); H atoms carry the same number as the B or C atom to which 
they are bound, except for methyl H atoms [bound to C(311). C(342) 
and C(343)] which are numbered H(31A-31C) and H(34A-34F) 
group) are displaced out of this plane in a direction away from 
the carbaborane cage, by 0.086 and 0.244 A respectively. The 
latter is clearly the more significant and, in the solid state, 
reflects steric crowding between the Pr' group and the C(101)-
C(106) ring (which consequently displays the greater 0). The 
C(341)-H(341) vector points towards the C(101)-C(106) ring, 
and H(341) is only 2.41 A above the ring plane, cf half the 
thickness of an aromatic ring plus the van der Waals radius for 
hydrogen (1.85 + 1.2) of 3.05 A. It is possible that the fluxional 
process which renders compound 3 C molecular symmetry on 
the NMR time-scale retains the proximity of H(341) to (neces-
sarily both) phenyl substituents, as H(341) resonates at fairly 
low frequency [8 2.05 cf. 2.88 in l-Ph-2-Me-3-(cym)-3,l,2 
Ruç 2 B 9 H 9 2]. A simple oscillation of cym about the 
Ru(3)B(8)B(10)B(6) plane is all that is required. 
The geometrical changes in a formerly c1os6-3,l,2-MC 2 B 9 
polyhedron forced to adopt a pseudocloso structure are 
interesting and clearly quite substantial. We are also very 
interested in any changes in the polyhedral electronic structure 
that are consequent upon these geometrical changes. 
In this paper and a previous communication 3 we have 
consistently noted that the closo-to-pseudocloso change is 
accompanied by a substantial movement, typically 15 ppm, to 
high frequency of the average ''B NMR chemical shift. The ''B 
spectra of the closo carbametallaboranes 3-(r1-C 6 Me 6)-3, 1,2-
RuC2B9H, ,,' 3-(1-0 5 Me 5)-3, I ,2-RhC 2 B 9H, 1 4 and 3-(i -
C 5 Me 5)-3,1,2-IrC 2 B9 H,,,4  have all been assigned by ''B-''B 
COSY experiments, but it has not so far proved possible to 
obtain useful COSY spectra of our pseudocloso compounds. 
Thus, we do not know by experiment if the closo-to-pseudocloso 
change results in all or only some ''B resonances moving to 
high frequency, nor by how much. 
Accordingly, we have attempted to assign the ''B spectrum 
of a typical pseudocloso carbametallaborane, 3 I ,2-Ph 2-3-(i-
C 5 Me 5)-3,l,2-RhC 2 B 9 H 9 , by an IGLO calculation 5 on a C. 
symmetrised model. This is the first time that IGLO 
calculations have been reported for a transition-metal 
containing heteroborane, so to check the validity of the method 
we have also used this approach to calculate the chemical shifts 
of the related species 3-(1-0 5 Me 5)-3,l,2-RhC 2 B9H, 1 , whose 
"B NMR spectrum has already been assigned' 7 by a COSY 
experiment. Results are summarised in Table 6. 
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Table 6 Experimental and theoretical 'B NMR chemical shifts (ppm) in closo and pseudocloso carbarhodaboranes 
3-(TI  
Experimental Theoretical b Assignment 
—23.4 —27.4 B(6) 
—18.6 —19.8 B(5, 11) 
—8.3 —4.6 B(9, 12) 
—3.5 —12.5 B(4,7) 
—1.8 —9.3 B(lO) 
+8.6 +2.1 B(8) 
I ,2-Ph 2-3-(-0 5 Me,)-3, I ,2-RhC 2 B 9 H 9 
Experimental d Theoretical b Assignment 
—18.0 —30.6 B(6) 
+ 10.3 +9.5 B(5, II) 
—1.2 +0.7 B(9, 12) 
+4.0 +5.1 B(4,7) 
+12.9 +10.9 B(10) 
+ 33.1 + 25.0 B(8) 
Experimental data from ref. 17. b  IGLO-SCF calculation, double-c basis set, C symmetrised model with idealised H coordinates. Assignment by 
"B—' 'B COSY NMR spectroscopy (ref. 17). d  Experimental data from ref. 3. Tentative assignment from IGLO calculation (present study). 
In the case of 3-(-0 5 Me 5 )-3,l,2-RhC2 B 9 H,,, theory 
correctly predicts the ordering of the three integral-I ''B NMR 
resonances, arising from (high-frequency-to-low-frequency) 
13(8), B(l0) and 13(6), although all three signals are calculated to 
have frequencies which are too low, by an average of 6.9 ppm. 
The resonance due to B(5,11) is correctly predicted to be the 
lowest frequency integral-2 resonance and is accurately 
calculated (A only 1.2 ppm), but the relative order of the signals 
due to B(4,7) and B(9,12) is inverted, the positions of these last 
two signals being miscalculated by 9.0 and 3.7 ppm respectively. 
For 3-(1-0 5 Me 5 )-3,l,2-RhC 2 B9 H,, as a whole, the maximum 
and average absolute deviations between experimental and 
theoretical ''B chemical shifts are 9.0 and 5.0 ppm respectively, 
considerably larger than found for boranes and carbaboranes 
at a comparable theoretical level.' 5 The weighted-average 
chemical shift is (experiment) 5 —8.6 and (theory) - 12.4. 
The calculations for I ,2-Ph 2 -3-(1-C,Me 5 )-3, I ,2-RhC 2 B 9 H 9 
afford a weighted-average ''B chemical shift (which is, of 
course, independent of individual assignments) of S + 4.0, in 
good agreement with that from experimentation (+6.0) and 
clearly typical of the value which characterises pseudocloso 
species such as 1-4. In Table 6 we order the experimental shifts 
so as to produce the best match with those calculated.*  Done 
this way the maximum and average absolute deviations between 
experiment and theory are 12.6 and 3.4 ppm respectively. The 
greatest differences are at the extremes of the spectrum [13(8) 
at highest frequency, A = 8.1 ppm; 13(6) at lowest frequency, 
A = 12.6 ppm] where both calculated values are too low, remi-
niscent of the situation with 3-(1-0 5 Me 5 )-3,l,2-RhC 2 B 9 H,,. 
For the other four resonances the greatest deviation is only 
2.0 ppm. 
Clearly, the assignment of ''B chemical shifts in this way can 
only be tentative, and efforts continue to synthesisepseudocloso 
carbametallaboranes whose spectra we can ultimately assign 
by experiment.t Nevertheless, assuming that the assignment 
of 1,2-Ph 2-3-(1-0 5 Me 5)-3,1,2-RhC 2 B 9 H 9 is correct, we can 
note that, moving from closo 3-(1-0 5 Me,)-3,l,2-RhC 2 B 9 H,, 
to pseudocloso I ,2-Ph 2 -3-(1-C,Me 5 )-3, I ,2-RhC 2 B 9 H 9 , all ''B 
resonances are shifted to high frequency, by between 7.1 [B(9, 
12)] and 28.9 [B(5, II)] ppm, and future studies, both experi-
mental and theoretical, will be directed towards attempts to 
understand the origin of these chemical shift changes. At the 
same time it is clear that systems as complex as 3-(i-0 5Me,) -
3,1 ,2-RhC 2 B 9 H,, and I ,2-Ph 2-3-(1-0 5 Me 5 )-3, I ,2-RhC 2 B 9 H 9 
currently provide a substantial challenge to theory in respect 
of the accurate calculation of chemical shifts. That challenge 
will undoubtedly be addressed and overcome as computational 
methods in this area continue to develop in future years. 
* Such a procedure should always be employed with caution. 22 
Note added at proof these efforts have now been rewarded. 2 ° 
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